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To the Members of the American Chemical Society : 
URING 1896 the activity in the determination of atomic 
weights was only moderate. Comparatively few papers on 
the subject appeared, but some of these were of excellent quality. 
The question is often asked, Why are new determinations impor- 


tant? Are not those we have good enough for all practical pur- 
poses? To this question I have an interesting answer, such as 
has not hitherto been published. 

There are two rival values for the atomic weight of chro- 
mium. One, 52.5 approximately, based on the old work of 
Berlin, is still used by European analysts. The other, 52.1, 
depends upon later and more accurate researches, and is used in 
this country. Mr. William Glenn, of the Baltimore Chrome 
Works, informs me that that establishment imports chrome iron 
ore by the shipload, the value being determined by a volu- 
metric assay in which the atomic weight of chromium is involved. 
It is assayed in Glasgow, with the older value for chro- 
mium, and in Baltimore with the modern datum. A cargo 
amounts to about 3500 tons; and the difference in price due to 
the difference between 52.1 and 52.5 for chromium, amounts to 
about $367.50 per shipload. This difference is large enough to 
show the importance of accurately determined constants from a 
commercial point of view, and suggests that other similar cases 
might be found by a careful scrutiny of our analytical processes. 
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The following new determinations of atomic weights repre- 
sent the work published during the year : 

Oxygen.—In the report for 1895, J. Thomsen’s gravimetric 
measurements of the H : O ratio were cited. Early in 1896 the 
same chemist,’ by a novel method, determined the ratio of den- 
sities. First, he found the volume of hydrogen in liters, liber- 
ated by the solution of one gram of aluminum, to be as follows : 

1.24297 
+24303 
24286 
24271 
.24283 
.24260 
24314 
-24294 


—~— ooo 


Mean, 1.24289 + 0.00004 





In his earlier research Thomson found the weight of hydro- 
gen corresponding to one gram of aluminum to be 0.111904 
0.000015 gram. Hence one liter of hydrogen at o°, 760 mm., 
and 10.6 meters above sea-level is 0.090032 + 0.00012 gram; or 
at sea-level in latitude 45°, 0.089947. 

For the volume of one gram of oxygen at 0°, 760 mm., and at 
Copenhagen Thomsen found, in liters: 


0.69902 
0.69923 
0.69912 
0.69917 
0.69903 
0.69900 
0.69901 
0.69921 
0.69901 
0.69922 


Mean, 0.69910 + 0.00002 


At sea-level, latitude 45°, 0.69976 + 0.00002. 

Hence one liter weighs 1.42906 + 0.00004 gram. Dividing 
this by the value found for hydrogen we have for the ratio de- 
sired 

15.8878 + 0.0022. 


1 Ztschr. anorg. Chem., 12, 4. 
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Correcting this by the known data for the volumetric composi- 
tion of water we get 
O = 15.8690 + 0.0022, 


a value identical with that found gravimetrically, and very 
close to the measurement by Morley. 

Silver.—The atomic weight of silver has been determined 
electrolytically by Hardin.' The nitrate, acetate, and benzoate, 
mixed in aqueous solution with solutions of pure potassium 
cyanide, were electrolyzed in platinum dishes. The data are 
as follows, with vacuum weights, and reduced with N = 14.04, 
C= 12.0%, WH = 1.008: and’ O = 16. 


NITRATE SERIES. 


Weight AgNOsg. Weight Ag. Atomic weight Ag. 
0.31202 0.19812 107.914 
0.47832 0.30370 107.900 
0.56742 0.36030 107.923 
0.57728 0.36655 107.914 
0.69409 0.44075 107.935 
0.86367 0.54843 107.932 
0.86811 0.55130 107.960 
0.93716 0.59508 107.924 
1.06170 0.67412 107.907 
1.19849 0.76104 107.932 


Mean, 107.924 


ACETATE SERIES. 


Weight salt. Weight Ag. Atomic weight Ag. 
0.32470 0.20987 107.904 
0.40566 0.26223 107.949 
0.52736 0.34086 107.913 
0.60300 0.38976 107.921 
0.67235 0.43455 107.896 
0.72452 0.46830 107.916 
0.78232 0.50563 107.898 
0.79804 0.51590 107.963 
0.92101 0.59532 107.925 
1.02495 0.66250 107.923 





Mean, 107.922 


1 This Journal, 18, 990. 
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BENZOATE SERIES. 


Weight salt. Weight Ag. Atomic weight Ag. 
0.40858 0.19255 107.947 
0.46674 0.21999 107.976 
0.48419 0.22815 107.918 
0.62432 0.29418 107.918 
0.66496 0.31340 107.964 
0.75853 -35745 107.935 
0.76918 0.36247 107.936 
0.81254 0.38286 107.914 
0.95673 0.45079 107.908 
1.00840 0.47526 107.962 





Mean, 107.938 
The mean of all three series is 
Ag = 107.928. 

This value agrees well with the values found by Stas and by 
Marignac, and so creates a presumption in favor of the elec- 
trolytic method, which Hardin has also applied to determining 
the atomic weights of mercury and cadmium. 

Nitrogen.—Among the ratios measured by Penny and by 
Stas relative to the atomic weights of nitrogen, those connecting 
the chlorides and nitrates of potassium and sodium were highly 
important. These are now redetermined by Hibbs’ in a differ- 
ent way. The nitrates were heated in gaseous hydrochloric 
acid, and so converted easily into chlorides, with considerable 
accuracy. ‘he data are as follows, with vacuum weights, and 
reduced with O = 16, K = 39.11, Na = 23.05, and Cl= 35.45. 





Weight KNOsg. Weight KCl Atomic weight N. 
0.11090 0.08177 14.011 
0.14871 0.10965 14-010 
0.21067 0.15523 14.013 
0.23360 0.17223 14.011 
0.24284 0.17903 14.014 

Mean, 14.0118 
Weight NaNO3. Weight NaCl. Atomic weight N. 
0.01550 0.01066 14.011 
0.20976 0.14426 14.011 
0.26229 0.18038 14.014 
0.66645 0.45829 14.014 
0.93718 0.64456 14.008 


Mean, 14.0116 
1 Doctoral Dissertation, University of Pennsylvania, 1896, by J. G. Hibbs. This Jour- 
nal, 18, 1044. 
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These results seem to be exceedingly good, and the process 
has the advantage of great simplicity. The work was done 
under the direction of Prof. E. F. Smith. 

Arsenic.—In the dissertation already cited Hibbs gives some 
determinations of the atomic weight of arsenic. Sodium pyro- 
arsenate was heated in gaseous hydrochloric acid and so con- 
verted into chloride. The latter was perfectly white, unfused, 
and showed no trace of arsenic. I subjoin the vacuum weights, 
and the values found for arsenic when O= 16, Na = 23.05, and 


Cl = 35.45. 


Weight Na,As,0,. Weight NaCl. Atomic weight As. 
0.02177 0.01439 74-904 
0.04713 0.03115 74.921 
0.05795 0.03830 74.927 
0.40801 0.26981 74.901 
0.50466 0.33345 74.916 
0.77538 0.51249 74-917 
0.82897 0.54791 74.917 
I.19124 0.78731 74.926 
1.67545 1.10732 74.928 
3.22637 2.13267 74.901 





Mean, 74.9158 
Magnesium.—Atomic weight determined by Richards and 
Parker,' who studied the carefully purified chloride. First, a 
gravimetric series, with all weights reduced to a vacuum. 


Weight MgCl, Weight AgCl: Atomic weight Mg. 
1.33550 4.01952 24.368 
1.51601 4.56369 24.350 
1.32413 3.98528 24.369 
1.40664 4.23297 24.386 
1.25487 3-77670 24.373 





Mean, 24.369 
The remaining series of experiments are of the usual volu- 
metric character. 


SECOND SERIES. 


Weight MgCl. Weight Ag. Atomic weight Mg. 
2.78284 6.30284 24.395 
2.29360 5.19560 24.379 
2.36579 5-35989 24.366 





Mean, 24.380 


1 Ztschr. anorg. Chem., 13, 81. 
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To this series the authors attach less importance than to the 


others. 
THIRD SERIES. 


Weight MgCly. Weight Ag. Atomic weight Mg. 
1.99276 4.51554 24.349 
1.78870 4.05256 24.363 
2.12832 4.82174 24.368 
2.51483 5-69714 24.372 
2.40672 5.45294 24.369 
T.95005 4.41747 24.377 





Mean, 24.365 


FOURTH SERIES. 


Weight MgCly,. Weight Ag. Atomic weight Mg. 
2.03402 4.60855 24.360 
1.91048 4.32841 24.364 
2.09932 4-75635 24.362 
1.82041 4.12447 24-362 
1.92065 4.35151 24.363 
I.11172 2.51876 24.363 





Mean, 24.362 

These values are computed with O = 16. 

When O = 15.88, Mg = 24.179. The last series outweighs 
all the others. 

Cadmium .—Hardin’s determinations of the atomic weight of 
cadmium resemble those which he made upon silver. First, the 
chloride, in solution with potassium cyanide, was electrolyzed in 
a platinum dish. The weights in this and the other series are 
all reduced to a vacuum. Computations made with Cl = 35.45, 
and O= 16. Data as follows: 


Weight CdCly. Weight Cd. Atomic weight Cd. 
0.43140 0.26422 112.054 
0.49165 0.30112 112.052 
0.71752 0.43942 112.028 
0.72188 0.44208 112.021 
0.77264 0.47319 112.036 
0.81224 0.49742 112.023 
0.90022 0.55135 112.041 
1.02072 0.62505 112.002 
1.26322 0.77365 112.041 
1.52344 0.93315 112.078 


Mean, 112.038 
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Secondly, the bromide was treated in the same way. The 
data were reduced with Br = 79.95. 


Weight CdBry. Weight Br. Atomic weight Cd. 
0.57745 0.23790 112.031 
0.76412 0.31484 112.052 
0.91835 0.37842 112.067 
1.01460 0.41808 112.068 
1.15074 0.47414 112.053 
1.24751 0.51392 112.019 
1.25951 0.51905 112.087 
1.51805 0.62556 112.076 
1.63543 0.67378 112.034 
2.15342 0.88722 112.041 





Mean, 112.053 
In a third series of experiments cadmium was thrown down 
simultaneously with silver in the same electriccurrent. Weights 
and results as follows, with Ag = 107.92. 


Weight Ag. Weight Cd. Atomic weight Cd. 
0.24335 0.12624 111.928 
0.21262 0.11052 III.99I 
0.24515 0.12720 I11I.952 
0.24331 0.12616 II1I.g16 
0.42520 0.22058 III.971 





Mean, III 952 
Mean of all the twenty-five experiments, Cd = 112.027. 
Mercury.—Atomic weight also determined electrolytically by 
Hardin, in the same paper with his work upon silver and cad- 
mium. With the oxide he obtained unsatisfactory results ; but 
with the chloride, bromide, and cyanide he did better. With 
the chloride, when Cl = 35.45, his data, with vacuum weights, 
are as follows : 


Weight HgCl,. Weight Hg. Atomic weight Hg. 
0.45932 0.33912 200.030 
0.54735 0.40415 200.099 
0.56002 0.41348 200.053 
0.63586 0.46941 199.947 
0.64365 0.47521 200.026 
0.73281 0.54101 199.988 
0.86467 0.63840 200.038 
1.06776 0.78825 199.946 
1.07945 0.79685 199.912 
1.51402 1.11780 200.028 





Mean, 200.006 
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With the bromide, when Br= 79.95, Hardin found these 
weights and values: 


Weight HBr. 


Weight H,. 


Atomic weight Hg. 


0.70002 0.38892 199.898 
0.56430 0.31350 199.876 
0.57142 0.31750 199.938 
0.77285 0.42932 199.832 
0.80930 0.44955 199.814 
0.85342 0.47416 199.9II 
1.11076 0.61708 199.869 
1.17270 0.65145 199.840 
1.26186 0.70107 199.899 
1.40142 0.77870 199.952 


With the cyanide, when 


found 
Weight HgCeNzg. Weight Hg. Atomic weight Hg. 

0.5577 0.44252 200.063 
0.63290 0.50215 200.092 
0.70652 0.56053 200.038 
0.80241 0.63663 200.075 
0.65706 0.52130 200.057 
0.81678 0.64805 200.103 
1.07628 0.85392 200.077 
1.22615 0.97282 200.071 
1.66225 1.31880 200.057 
2.11170 1.67541 200.077 

Mean, 200.071 


Mean, 199.883 


C= 12.01 and N = 14.04, Hardin 





Finally, Hardin made use of Faraday’s law, throwing down 
mercury and silver simultaneously in the same electric current. 
The equivalent weightsare as follows, reduced with Ag = 107.92. 





Weight Hg. 


Weight Ag. 


Atomic weight Ag. 


0.06126 0.06610 200.036 
0.06190 0.06680 200.007 
0.07814 0.08432 200.021 
0.10361 o.11181 200.011 
0.15201 0. 16402 200.061 
0.26806 0.28940 199.924 
0.82808 0.89388 199.929 


The general mean of all four series is 


Hg = 199.989. 


Mean, 199.996 
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Tellurium.—In all determinations hitherto made of the atomic 
weight of tellurium, the material has been derived from metal- 
lic tellurides. Chikashige’ now gives a series of experiments 
upon tellurium obtained from Japanese native sulphur, using 
Brauner’s method. The tetrabromide was titrated with solu- 
tions of silver, and the following data were obtained. Computa- 
tions were made upon the basis of O = 16. 


Weight TeBr,. Weight Ag. Atomic weight Te. 
4.1812 4.0348 327.57 
4.3059 4.1547 127.61 
4.5929 4.4314 127.58 


Mean, 127.587 





Tungsten.—Schneider*® objects to the determinations pub- 
lished by Pennington and Smith, regarding them as too high. 
He attributes their highness to the fact that very small quanti- 
ties of material were handled, and thinks that there may have 
been mechanical losses of small particles during the long heating 
of the substance weighed. He now gives new determinations of 
his own, with tungstic oxide carefully freed from molybdenum, 
and made partly by reduction of the oxide, partly by oxidation 
of the metal. Results as follows, with the percentage of tung- 
sten in tungsten trioxide stated in a third column : 


W in WOs. 


Per cent 
2.0728 gram WO, gave 1.6450 W 79.323 
4.0853‘ - *s 3.2400 °* 79.309 
6.1547 “* _ < weary * 79-307 
1.5253 ‘‘ W ‘« 1.9232 WO, 79.311 
319388 “ “4.0273 * 79-304 
3.7468 “ = ** 5.9848“ 79-314 





Mean, 79.311 

Hence, with O= 16, W = 184.007. 

On the other hand, Shinn,’ working in Smith’s laboratory, 
obtains some data corroborative of Pennington and Smith. In 
this series tungsten was oxidized to tungsten trioxide. Results 
as follows, computed with O= 16. 


1 J. Chem. Soc., 69, 881. 
27]. prakt. Chem. [2], 53, 288. 
8 Doctoral thesis, University of Pennsylvania, 1896. 
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Atomic weight. 


0.22297 gram W gave 0.28090 gram WO, 184.720 
oag200.**. ~S© °° “oorGGa. ~* es 184.964 
o:10989 ** =< S .o.ng84q. “* of 184.753 
o;5oe05 «** OSS S*  SolmaggS. ** as 185.206 





Mean, 184.910 

The cause of the difference between the values found and 
those of Schneider is yet to be made out. 

My own ‘‘Recalculation of the Atomic Weights,’’ a new edition 
of the work published originally in 1882, is now complete and 
in the printer's hands. It will probably be published early in 
1897, and the following table of values represents the results 
obtained by combining all the best data: 


H =I. OQ ='16, 
PANSTAAIE TEARS 5 io. ois e'w 8044466059 038 ee- 26.91 27-11 
Antimony Teer re TR ee Te ee Cr 119.52 120.43 
70 0°0)) Se eee ? ? 
PERCE oicias 5446 Hee iG eR CA ESOS MCR 74-44 75-01 
RSA i 50516 0s 0 0:9 9-40 9 0'4 3 6OOO'S 136.39 137-43 
PREGEIUT IN G0 e:0's.0- sin ae F005 308 weeee 206.54 208.11 
NT 55 Ce wseeGS08 Mee R OO Rews 10.86 10.95 
NIE 6 iiss 00S 0:686 40:08 se 06 e0es 79.34 79-95 
STIR s 65 )6:16:6:0:0:16, 56:0 o:0:a:0:0:0 6 we: 010% III.IO III.95 
NOON NINES asianin'ersewia ware be ewe oe semiee 39.76 40.07 
INA. 0 aie Bro ees Wis wre ¥ 459.0944. wee Oee II.g2 12.01 
ROT fesce bas oe eS Ss ore ew cewwlenee sd’ 139.10 140.20 
CERN 86.06 ieia56s Sb Mewes co mewes 131.89 132.89 
CNG SS a6 rear eSeee cess Gee ees 35.18 35-45 
EPIRA GED 55:55 65150500 6 asin 0s se odns 51.74 52.14 
RANE as ot oierde Beis aewaereue caw 05:58 58.49 58.93 
COATT os occ s ees:0 0 bene cevese's 13-02 93-73 
COpper --seeee cere cece cece ceecees ix. 52 63.60 
ARE ars ei wae 0 6 90:15 '6:6:6 9 8:008 4060/00 165.06 166.32 
SPEER 6:16:61 F 8 KG.0 Dd WSs Oe sw Wee e 18.91 19.06 
SAG INR 6:00:52 '56:6:6:6:5i0 0600 Sa:sies's 155-57 156.76 
SRT 05656506 cieness Caewseescens 69.3 69.91 
GErMANIUIM .. 00 ccccccccevcccscese 72.93 72.48 
Np RCRNERIRAN ik 6:5 5:5 wis-4e CO hw-E sislewl neers 9.01 9.08 
°C ae ER Too RR eae aa era 195.74 197.23 
ROU sissies owen Cawsieoeewewwn'e ? ? 
Hydrogen oo... cece ceeees cccccccees 1.000 1.008 
PGMA sis a <n cae o/eid-scincnawn ese 112.99 113.85 
Iodine...... Sie Ree NAAN AS seein 125.89 126.85 
IPAAGNE sicsieceeped- does se eeeeeeceee IQI.66 193.12 


BROT kaa 0s ase es ce0s 60s BeK0 eeeens 55-60 56.02 
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H=1. 
TAGGING o:6. 00: o050ue vos ewiaeubue 137-59 
GAG 6 cccancapaieeaaacwdaiate en 205.36 
ee ET EO Re an 6.97 
Magnesium. ...eccccescccccccccces 24.10 
MANGANESE <cceccessicveecceaecesees 54.57 
Mercury sal ae ae aL ESTA @seketat abaue aaraterate 198.49 
Molybdenum ....e. cece cccccccccce 95.26 
Neodymium ...-secceccccccccccecs 139.70 
PAO Ee te ad: hs pid @), Sabie whore cd esp cima ean ee 58.2 
Nitrogen PCE Ce Or Ce 13.93 
IAIN 6 dig oraiwis a Se tesa ce eelaaiemes 189.55 
OSV RE « 0c sic swiss clneslewecins cxsisiesie 15.88 
ANIA CEI oa:0cw o: o:0.0 oa evseisiere siatclaisiere 105.56 
Phosphorus Ke oa Oe) wa matacnaew a hrare 30.79 
PRE RADIE edo noose dec womeweeen 193.41 
PROC TINE io nve.0.0'oeti-wieeloierelesie we tieacs 38.82 
PraseodymMium «--- see cece ccccecs 142.50 
BGO NEER, deo 6 cove 00's 0 Malian cecd Dawes 102.23 
OND 66-00 s os cea eis.s nee mneeeese 84.78 
EE. 6 vg skp dn Bane andes 100.91 
MUINIICONUDRER ag 5; 6:06-0:00: 8 welaes, hea ee 149-13 
SO MREERIAOGNE -o wins aco sinicie dara nears wae wate 43.78 
OTOH 6246:06ss wadewsnene vase mes 78.42 
SIRT CAENEN fa u-4:-015-0/'u-b4cieiioiace aniatere an eahaiaetee 28.18 
BUUNUGE icanc'a -einc-66.0: iw nie el esetuw oeelewae 107.11 
RENT EE TED ora: da: 6-0 a v orcie w'0ld A eee eleraceereete 22.88 
eC MENETREUIAY <6. 5.4:4:4 6,645.6: ie oo caer a Aaealare 86.95 
SULPHUE sts0 cnc cece cavetowesesnes 31.83 
tO TER oiicices acu peleleees eee were 181.45 
SPU REED 4 grace 6s: wie OR ROU pw aa ee ee 126.52 
CME 6.04 to0 soo 6 6-ed tia e Ret 158.80 
WET ISIIE 66 63.0.0 0 o8s awiacaweene 202.61 
NURRSSISEED c\6:6 «.c «-<-5'0.4.4 6 Ferra ieee eeaeee 230.87 
TEE CER TAU AED d’o.0:6'a'dcie veins b0.0.o snaeeaee ae 169.40 
PERN Aghia cbs bi erbrere bn ole Mea aieclem ad 118 15 
TEMA cece bicincdne a eect Mase ohderee t 47-79 
Tungsten Peleavieuus Reseeweacewensia 183.43 
NING ns oo nc wtate de aramemanaelaaae 237-77 
WMO UEN s-9.6.4.01055 co cacewueeseved 50.99 
WEMMUTOAND oro clo vo cenedipeescowoaene 171.88 
VEE o cece ciencsesieecs canaee case 88.35 
MMM cdnsiensa vie 62 Kd oR te a teeeeees 64.91 


O= 16. 
138.64 
206.92 
7-93 
24.28 
54-99 
200.00 
95-99 
140.80 
58.69 
14.04 
190.99 
16.00 
106.36 
31.02 
194.89 
39.11 
143.60 
103.01 
85.43 
101.68 
150,26 
44.12 
79.02 
28.40 
107.92 
23.05 
87.61 
32-07 
182.84 
127.49 
160.00 
204.15 
232.63 
170.70 
119.05 
48.15 
184.83 
239-59 
51.38 
173.19 
89.02 
65.41 
90.40 
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ON THE DETERMINATION OF SILICA IN BLAST-FUR- 
NACE SLAG. 


By G. H. MEEKER. 


Received March 13, 1897. 
HAT silica is not rendered completely insoluble by one 
evaporation to dryness with hydrochloric acid, has long 
been recognized. Several evaporations, even, may not dehy- 
drate traces of silicic acid. Moreover, unless the temperature 
of drying be carefully regulated, some of the silica may recom- 
bine with the bases present and either form highly insoluble 
silicates, or else go into solution on subsequent treatment with 
hydrochloric acid. Boiling, concentrated sulphuric acid, on the 
other hand, is a very efficient agent for the dehydration of silicic 
acid, Drown’s much-used method for silicon in pig iron making 
use of the fact. 

It is the purpose of this article to show that the method of 
dehydration of silicic acid by sulphuric acid forms a most 
accurate method for the determination of silica in blast-furnace 
slags. This arises not only from the fact of the positive and 
quick production of insoluble silica ; but, what is probably more 
important, from the very complete decomposition of certain con- 
stituents of many slags, and the production of a purer silica than 
can be otherwise obtained. 

Those constituents of slags which have most contributed to 
inaccuracy in the determination of silica, are spinel (magne- 
sium aluminate)’ and certain complex titanium compounds. 
On examples of such slags, accurate determinations of silica 
could not be made either by direct solution in hydrochloric acid 
or by solution in hydrochloric acid after fusion with sodium car- 
bonate ; yet the silica was readily determined by application of 
the simple process described below. 

Pure spinel is thoroughly decomposed by fusion, at a high 
temperature, with a large excess of sodium carbonate. But 
spinel, when associated with slag, is only decomposed thus with 
great difficulty.’ A slag containing as much as five per cent. 
of spinel residue by ordinary methods, is nevertheless easily de- 
composed by boiling concentrated sulphuric acid. Considera- 


1 Shimer: This Journal, 16, 501. 
2 Frank Firmstone: Trans. A. I. M. E., 24, 498 et seq., 892 et seq. (The residues 
there obtained were separated after fusion with sodium carbonate.) 
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ble experience with a slag, prone to spinel formation, has never 
shown, even under most favorable conditions for spinel forma- 
tion, more than this amount in the suddenly cooled slag. 

When pure spinel is treated with boiling concentrated sul- 
phuric acid, it ‘‘sets’’ to a hard mass; the surface of the mass 
being changed to sulphates of magnesium and aluminum, that, 
being insoluble in the concentrated acid, prevent further decom- 
position of the spinel. Upon treatment with water these sul- 
phates dissolve. The operation being repeated, more spinel is 
decomposed ; and so on until complete decomposition results. 

When the spinel is associated with slag, however, it is de- 
composed by one treatment with sulphuric acid, probably be- 
cause of each small particle of spinel in the finely ground slag 
being separated from the others. Thus, a very difficultly de- 
composable slag was found to contain about three and one-half 
per cent. of spinel; but upon determining silica by the method 
to be given, the silica was found to be almost pure, and the im- 
purities contained no magnesia. 

It might be thought that to treat the impure silica from such 
slags with hydrofluoric acid and weigh the residues would suf- 
fice to accurately estimate the silica. ‘This would be the case 
were it not for the fact that these spinel residues usually con- 
tain other compounds. When these compounds contain, as 
they usually do, some bodies that are changed to new bodies by 
treatment with hydrofluoric and sulphuric acids, accurate results 
can only be obtained when the subsequent ignition causes a 
reversion to the former conditions. 

Thus, suppose an impure silica obtained in the course of 
analysis and containing, among other impurities, an insoluble 
compound of titanium, aluminum, magnesium, iron, and potash 
or soda. This impure silica being treated with hydrofluoric and 
sulphuric acids, the silica would evaporate as silicon tetrafluo- 
ride and the bases change to sulphates. Upon igniting strongly, 
the aluminum, magnesium, and iron would again revert to the 
original conditions as oxides; but not so with the alkalies. 
They would either volatilize at a white heat or else remain and 
retain most of their sulphur trioxide. It is obvious that, 
under such circumstances, erroneous results for silica would 
necessarily occur. Below is given acase from actual experience. 
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Slag No. 1944 was found to give by ordinary methods of 
analysis, as follows: 


Per cent. 
Silica and impurities evr I EMR TTT 35-42 
Impurities determined by treatment with hydrofluoric 
and sulphuric acids «... +++. sees cece cece cece cece eens 5.88 
ea eco ara easly wisn Sicleie.al we aia eae en eros are 29.54 


This slag was very exceptional, for although as much as one 
per cent. of the slag had often been found in the impure silica, 
never before so much as 5.88 per cent. For the present 29.54 
per cent. was considered to be the true proportion of silica in the 
slag. But in some investigations on spinel, it was noticed that 
the spinel residues were notably soluble in hot concentrated 
sulphuric acid. Taking advantage of this fact, the silica was 
redetermined in this slag, using the new method, with the fol- 
lowing result : 


Per cent. 
Silica and impurities Pe ET ET ee Ce eee er 31.20 
Impurities determined by treatment with hydrofluoric 
and sulphuric NE iva scale aie's Sp.01 bo Sd Oa TESS 0.20 
ae NEA cs oy chhcdrn ce ipite-e wim wd eee able kw et ake Ge ie Clee 31.00 


In other words, the former result had been about one and one- 
half per cent. too low—a very large variation from the truth. 
A special investigation on this slag showed that after treatment 
with boiling hydrochloric and hydrofluoric acids there still 
remained a residue amounting to 3.81 per cent. of the slag. 
This residue was not entirely decomposed by sulphuric acid 
(owing probably to changes produced by igniting to burn off fil- 
ters) ; but, as the above analysis shows, it was readily decom- 
posed by sulphuric acid as it existed in the slag. 

The method is as follows: One-half gram of finely ground 
slag is placed in a four-inch casserole. Cover with cold 
water (about three cc.) and stir to break uplumps. Then pour 
into the casserole ten cc. concentrated hydrochloric acid, stirring 
vigorously to prevent sticking to the bottom. 

As soon as the slag seems dissolved as much as it will, and 
before it has set to a jelly, pour in forty cc. sulphuric acid (one 
volume concentrated acid to one volume water), stir well, 
wash off stirring rod, and then cover solution with a funnel. 
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The funnel should have fused edges and be of such size as to 
rest upon the sloping inside of the casserole and set down above 
to the solution. 

Place the casserole on a wire gauze and boil rapidly until fumes 
of sulphur trioxide begin to come from under the edges of 
the funnel. Cool, dilute somewhat, andclean off thefunnel. Add 
about ten cc. hydrochloric acid and dilute until the casserole is 
as full as it can be conveniently. Cover with watch-glass and 
boil gently one minute. Filter on pump. Wash five times 
with hot hydrochloric acid (sp. gr. 1.10) and five times with 
hot water. Burn and weigh. The silica is remarkably pure. 
On ‘‘chilled’’ slagsthe impurities are from 0.05 to 0.20 per cent. 

This method has been carefully compared with a method con- 
sisting of two evaporations to dryness with hydrochloric acid, 
regulating the heat so as not to exceed 120° C., and finally puri- 
fying the silica with hydrofluoric acid. The results are gener- 
ally quite close (the only exceptions being such cases as cited 
above, where only the sulphuric acid method could give accu- 
rate results), the sulphuric acid method giving results somewhat 
higher, due to the more complete dehydration of silicic acid. 

In no case has there been found any evidence of calcium sul- 
phate in the silica when the method is carried out as directed. 


TABLE OF RESULTS. 


Hydrochloric acid Sulphuric acid 
evaporation. evaporation. 
36.00 36.06 
35-52 35.62 
34.24 34-74 
35-76 35-96 


The time necessary is about one and one-half hours, and there 
is very little attention required. ‘‘ Chilled’’ slag is best suited, 
but the method will be found successful on many slowly cooled 
slags that are very insoluble in hydrochloric acid. Unfortu- 
nately, the method is only useful for the determination of silica. 
Attempts to determine readily alumina and lime in the filtrate 
from the silica have all failed. Results are much too low. 

It is worthy of note that the silica obtained is very dense and 
hard. This is an advantage, in that there is little danger of loss 
of the silica, due to its being thrown out of the crucible by the 
gases escaping while the filter is charring. With the silica 
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ordinarily obtained, this mechanical loss is very apt to occur. 
The silica obtained by this method is, however, more difficult to 
decompose by treatment with hydrofluoric acid. It is much 
less hygroscopic and weighings are thus more accurately made. 
For as many slags as have been investigated there is claimed 
for the above method (1) greater accuracy due to more com- 
plete dehydration of silicic acid, and thorough decomposition of 
certain slag constituents, and (2) greater rapidity and ease of 
execution than for other methods of about equal accuracy. 


IABORATORY OF ANDOVER IRON Co., 
March 13, 1897. 


THE DETERMINATION OF LEAD IN LEAD ORES.' 


By RICHARD K. MEADE, 


Received March 8, 1897. 

N the wet assay of lead ores, the general mode of procedure seems 
| to be to precipitate the lead as a sulphate by dissolving the 
ore in a mixture of sulphuric and nitric acids and evaporating 
until the solution is free fromthe latter acid. The residue, con- 
sisting of the precipitated lead sulphate and gangue, is collected 
upon a filter paper and, after washing, is dissolved in either 
ammonium tartrate or acetate or in sodium thiosulphate ; then 
precipitated as an oxalate or chromate and determined volumet- 
rically, or precipitated as a sulphide and estimated gravimet- 
rically. Another way is to ignite the residue of lead sulphate 
and gangue and weigh. Then treat with ammonium tartrate or 
acetate, and collecting whatever residue remains, ignite and 
weigh. The difference between these two weights is taken as 
lead sulphate. 

Of these methods the first is rather inaccurate.” The third is 
rather slow, and both are inapplicable when calcium, barium, 
and strontium are present. The second is the most accurate of 
the three outlined above, but is also the slowest. 

While recently working upon some specimens of galena, the 
writer thought of a simple method for determining the amount of 
lead in this mineral, and in lead ores in general. Like two of 

; the above methods, it fails in accuracy when barium, stron- 
a. tium, and small amounts of calcium are present, since these 








ree 


1 Read at the meeting of the New York Section, March 5, 1897. 
2 See Sutton: ‘Systematic Handbook of Volumetric Analysis,” Sec. 66, 1 and 2. 
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metals are precipitated by sulphuric acid, and would be weighed 
along with and calculated as lead, causing too high results. In 
detail the method is as follows: 

Method.—Weigh one gram of the ore if rich, more if poor, into 
a platinum dish, cover with a watch-glass and add forty to fifty 
cc. of a mixture of one part sulphuric acid (1.84 sp. gr.) and 
three parts nitric acid (1.42 sp. gr.). Heat the covered dish on 
a hot plate, water-bath, or sand-bath until the action of the acids 
on the ore has apparently ceased. Then remove the watch- 
glass and rinse into the dish. Add ten to fifteen cc. hydrofluoric 
acid to the solution and evaporate until dense white fumes of 
sulphuric acid begin to come off. It is better to conduct the 
evaporation under a hood for obvious reasons. Remove the dish 
from the source of heat and coo]. Dilute to about 100 cc. with 
water, digest until all soluble salts are in solution and filter, 
washing first with a two per cent. solution of sulphuric acid and 
then with alcohol. Dry, burn filter paper, and ignite precipitate 
separately. Weigh as lead sulphate and calculate per cent. of 
lead present in the ore. 

To test the method several lead-bearing minerals were care- 
fully assayed for lead by the method (A) outlined by Fresenius 
(Quant. Anal., 213), and then by the above method (B), after 
ascertaining that calcium, barium, and strontium were absent, 
with the following results: 


Method A. Method B 
Per cent. lead. Per cent. lead. 
Ce MTIIEO. do 54-6 $e eewamaced PE ee 77-34 77.46 
Pyromorphite ...-++.seeeeeceeeee cece 75.26 75.35 
COPUBBTE 6 cccce Ceicceciesen devase eee 76.46 76.53 


To further test the method, and especially to see if any lead 
was lost by volatilization as a fluoride, a solution of lead nitrate 
was made. ‘Twenty-five cc. of this solution, on evaporation 
with sulphuric acid, gave 0.4297 gram of lead sulphate as an 
average of six determinations. 

The same quantity, on evaporation with sulphuric and hydro- 
fluoric acids, gave 0.4280 gram of lead sulphate as an average 
of six determinations. 

Twenty-five cc. of the solution, to which two-tenths gram of 
silica was added, on evaporation with hydrofluoric and sulphuric 
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acids, gave 0.4285 gram of lead sulphate as an average of six 
determinations. 

Fearing that the stock solution might be too concentrated and 
that small errors in delivering exactly the same quantity each 
time from the pipette might be the cause of discrepancy 
in the results, a new and more dilute solution was made, and 100 
cc. of this used in each experiment. Below are the results 
expressed in grams of lead sulphate : 


On evaporating On evaporating with 
with sulphuric silica and sulphuric 

acid alone. and hydrofluoric acids. 
T ccccccccccccccccce cescccccccce 0.4154 0.4131 
Biswsiewnaslecinese eeeewe eaeeee scar 0.4147 0.4136 
Fore ee eee wee eee rene wenn ween wees 0.4150 0.4142 
Ba sa PCRS vides eis welsese Sees eees 0.4156 0.4136 
AVETAZE ee eeeeeceeeee eens 0.4151 0.4136 


It will be seen that, in all experiments, the results are higher 
when sulphuric acid alone was used than when hydrofluoric 
acid was added. ‘Thinking that there was a loss of lead by vol- 
atilization as a fluoride, one gram of pure lead sulphate was 
heated in a platinum crucibie to drive off moisture, etc., and, 
after cooling, both crucible and contents were weighed. ‘The 
crucible was then half filled with hydrofluoric acid, a few drops 
of sulphuric acid added, the whole placed over a lamp and the 
acid driven off. After being gently ignited and cooled, the cru- 
cible and contents were weighed, then ignited and weighed 
again until the weight was constant. The lead sulphate was 
found to have suffered no loss by volatilization as a fluoride ; 
for the crucible and contents weighed exactly the same after as 
before treatment with the acids. This experiment was repeated 
with identically the same results. We deemed these two experi- 
ments sufficient proof that no lead should be lost in this method 
by volatilization as a fluoride. 

The possibility of the stock solution containing silica in solu- 
tion, along with the lead nitrate, causing the higher results to 
be found in the left hand column, suggested itself. To ascertain 
if this was the case, two of the residues from the evaporation 
with sulphuric acid alone, were brushed into a beaker and 
treated with ammonium tartrate. They dissolved completely, 
the residue only weighing 0.0003 gram after the weight of the 
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filter ash had been subtracted. This experiment was also re- 
peated with similar results, proving the purity from silica of the 
lead sulphate precipitate. 

We believe the foregoing experiments test the method fairly 
and rigidly, and that chemists will be safe-in using the above 
when they know metals precipitated by sulphuric acid as sul- 
phates or oxidized by nitric acid to insoluble compounds are 
absent. 

Barium and strontium are rarely found associated with lead. 
Calcium, when present in galena as calcite, may be gotten rid 
of by first treating the ore with hydrochloric acid and filtering. 
The filtrate will contain the calcium ; the residue will hold the 
lead and may be treated with hydrofluoric, sulphuric, and 
nitric acids, and the process carried out as above. 

When the ore contains calcium, in small quantities only, the 
latter may be hindered from interfering with accurate results by 
washing the precipitated lead sulphate four or five times by de- 
cantation and then thoroughly upon the filter with a two per 
cent. solution of sulphuric acid. The calcium sulphate, being 
slightly soluble in the acid solution, is carried off by the wash 
water. The writer has found it possible to remove as much as 
four per cent. of calcium sulphate by this means. 

The analysis of a lead ore can be made very nearly as quickly 
by this method as volumetrically and much more satisfactorily. 


CHEMICAL LABORATORY, ILONGDALE IRON Co., 
LONGDALE, ALLEGHANY CO., VIRGINIA, 


NOTE ON THE SEPARATION OF SILICIC AND TUNGSTIC 
ACIDS. 


By JAMES S. DE BENNEVILLE. 


Received March 20, 1897. 

HE object of the present note is to call attention to an 
important observation made by Mr. Lawrence Dufty in 
reference to the determination of silicon in tungsten steel and 
ferrotungsten. A common method for making such determina- 
tion is to dissolve the tungstic oxide on the filter by means of hot 
dilute ammonia and to so obtain the silica at once for determi- 
nation. Karsten’ had pointed out the solubility of freshly pre- 


1 Ann. der Phys. (Pogg.), 6, 357, 1826. 
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cipitated silicicacidin ammonia, and Pribram' and later Sonchay* 
had shown that even ignited amorphous silica was perceptibly 
soluble in this alkaline reagent. Mr. Dufty*® showed that in 
dealing with the small quantities of silicon found in ferrotungsten 
and in tungsten steels this solubility of the silica renders the 
ammonia method incorrect and misleading. To his results, as 
given by Professor Arnold, it can be added that the remarks 
apply equally well to cold ammonia. Solution of ore or alloy, 
evaporation to dryness, re-solution and filtration of the mixed 
oxides from the soluble material is conducted in the usual man- 
[ables I and II were 


, 


ner. The experimental results given in 
obtained with a ferromanganese containing nearly seven per 
cent. of tungsten. In the figures given, the solubility of the 
silica is not so great as compared with Mr. Dufty’s results. If 
the residue, dried on the center of the stove, is burnt over the 
naked flame, this solubility is still further reduced; butinsuch case 
the quantity of tungstic oxide insoluble in ammonia is greater than 
when the residue is simply baked. Also, evaporation with 
hydrofluoric acid alone does not cause any loss of tungsten ; but 
the addition of a few drops of sulphuric acid apparently insures 
the complete expulsion of the silica more readily than when 
hydrofluoric acid is used alone. The advantage, therefore, of 
weighing the total oxides and volatilizing the silica, as recom- 
mended by Professor Arnold, is obvious. In mineral analysis, 
and particularly in the preparation of pure tungstic oxide, the 
reaction of silica with ammonia is an important one; for only the 
crystallized ammonium tungstate is free from silica. A wolfram- 
ite containing 65.5 per cent. tungsten trioxide, and by the vol- 
atilization method 5.61 per cent. silica, gave on dissolving the 
tungstic oxide from silica by ammonia (1) insoluble silica 3.84 
per cent., and soluble silica 1.64 per cent., and (2) insoluble 
silica 3.22 percent. and soluble silica 2.20 per cent. The silica 
belongs mainly to intermixed mica. 


1 Ztschr. anal. Chem. (Abstract), 6, 119, 7867. 

2 Jbid, 11, 182, 1872. 

8 Cited by Professor T. O. Arnold; ‘‘ Steel] Works Analysis,’ pp. 136-138. Whittaker 
& Co., London, 1895. 
































DETERMINATION OF CADMIUM. 


FERROMANGANESE CONTAINING TUNGSTEN. 


I. Residue Baked to Dust Dryness on the Stove. 


HFI+ HFI HF1+ HNO s+ 
Treatment HFI. H,SO,. H,SQ,. HFI. H,SO,. HCl 
Silica regained by one 
evaporation...... 0.0040 0.0022 0.0059 0.0038 0.0035 


Silica regained by two 
evaporations ---- 0.0058 0.0024 0.0057 0.0049 0.0036 
Silica regained by three 
evaporations ---- 0.0065 0.0022 0.0055 0.0051 0.0036 
Silica regained by four 
evaporations ---- 0.0062 sees see* 0.0055 
Total silicon regained 0.0030 0.0010 0.0026 0.0026 0.0017 
Per cent. total silicon -21.7 7.0 19.0 18.2 12.8 
Total silicon in the 
alloy----++-e+e- ++ 0.0139 O.O14I 0.0137 0.0143 0.0133 0.014% 


II. Residue Burnt over the Flame. 


HEL + HF1+ 
Treatment HF. HySO,. HF. HF. H2SO,. HF1 
Silica regained by one 
evaporation --.--- 0.0008 0.0016 0.0014 0.0006 0.0022 0.0037 


Silica regained by two 

evaporations +--+ 0.0010 0.0016 0.0020 0.0004 0.0024 0.0037 
Silica reg’n’d by three 

evaporations ---- 0.0010 +sss 0.0020 sees 0.0024 
Silica regained by four 

evaporations ---- 0.0009 oses 0002 
Total silicon regained 0.0005 0.0007 0.0010 0.0003 0.OOII 0.0017 
Per cent. total silicon. 3.62 5.11 6.86 2% 8.09 
Total silicon in the 

alloy .......s+e6- 0.0138 0.0137 0.0145 0.0142 0.0136 


In both tables the figures refer to the silica recovered from 
the ignited tungstic oxide which has been ‘‘separated’’ by 
digestion with cold ammonia solution. 


THE ELECTROLYTIC DETERMINATION OF CADSIIUM.' 


BY 5. AVERY AND BENTON DALES. 


Received March 23, 1897 
HE work here presented grew out of an effort to finda 
practical method for determining this metal. The usual 
methods often fail to give satisfactory results, and, while we 
have not succeeded in finding an ideal method, we hope that the 
experiments here given will be of interest. 


1 Read at the meeting of the Nebraska Section, March 19, 1897. 
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The double oxalate method presents the following difficulties : 
It is not always easy to get and keep a clear solution. The 
plate is apt to oxidize if not very carefully treated, and the last 
traces of cadmium are hard to eliminate from the solution. 
Several determinations were made by this method. Ineach one 
a solution containing 0.0641 gram of cadmium was taken. A 
small storage battery of four volts furnished the current, which 
varied from two-tenths to one-half ampére. The time of each 
was from fourteen to eighteen hours. 


Cadmium found, 


Gram. 
Pi i Eis ahead Sahota gaia erates, eves kiee 0.0615 
DIO aa sed Sales. ceed 8ee + 0ennee eee ees eee cieleae 0.0658 
NG, 3's wewiesie-nss\eaeeaaicecalwiereiasieeisolseseies 0.0613 


We then tried the precipitation in acetic acid solution in the 
hope of finding a more serviceable method. The result was in 
complete harmony with the experiments of Heidenreich. He 
says,' ‘‘ The separation of cadmium from acetic acid solutions 
did not give satisfactory results. By adding ten cc. of fifty per 
cent. acetic acid to 120 cc. of the solution, and using a current 
of four-tenths ampére at a tension of seven and a half volts, the 
cadmium separated out in the form of leaf-like crystals. Ex- 
periments conducted with less acetic acid and with less current 
at a lower tension (two to ten cc. acetic acid, one-tenth to four- 
tenths ampére, four to seven anda half volts) at various tem- 
peratures, also gave no serviceable results.’’ 

Solutions which contained either phospuoric acid or sulphuric 
acid were also found to be unsatisfactory. 

The cyanide solution seems to us best adapted to the deter- 
mination of cadmium where more than one-tenth gram of the 
metal is present (solution 150-200 cc. and area of electrode for 
plating 100-150 sq. cm.) ‘The usual objections to a cyanide 
solution may be mentioned. The solution offers an enormous 
resistance, hence a strong current is necessary. The last traces 
of the metal are hard to precipitate, and finally these solutions 
are exceedingly unpleasant to manipulate. A solution contain- 
ing 0.0452 gram of cadmium as the double potassium cyanide 
was placed in a current from a thermopyle for twenty-four 
hours. The thermopyle has a tension of four volts and shows 


1 Ber. d. chem. Ges., 29, 1587. 
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an amperage of two when no resistance othe: than the ampére- 
meter is inserted. 0.0446 gram of cadmium was precipitated. 
DETERMINATION OF CADMIUM IN FORMATE SOLUTION. 

The excellent results that zinc gives when determined in a 
formate solution’ suggested to us that cadmium might be satis- 
factorily determined in a similar manner. The results are per- 
fectly satisfactory provided certain conditions are rigidly main- 
tained. There should be not more than one-tenth gram of 
metal in 150 cc. of solution. This amount of metal should be 
deposited on a surface of not lessthan 100 sq.cm. The voltage 
should not exceed three and four-tenths,and the ampérage 0. 15- 
0.20. 

The solution of cadmium was made as follows: Chemically 
pure cadmium nitrate was converted into the oxide, which, in 
turn, was reduced, ina current of hydrogen, to the metal. The 
latter was then placed in a hard glass tube bent into the shape 
of W. The metal was placed in the first bend and distilled into 
the second in a current of hydrogen. The distillate thus ob- 
tained showed no trace of silica or other impurities. A weighed 
quantity of this distilled cadmium was dissolved in dilute sul- 
phuric acid, placed in a measuring flask, and diluted to the 
mark. Portions of this solution were measured out from a 
burette. The weights, measuring flask, and burette used were 
carefully calibrated. 

The source of the current was the thermopile. The precipi- 
tation was made with platinum dishes or cones in the usual 
manner. The average time was twenty-four hours. 

The following is given as a representative determination. To 
a solution of cadmium sulphate six cc. of formic acid, sp. gr. 
1.20, was added. Potassium carbonate was then added until a 
slight permanent precipitate formed. This precipitate was just 
dissolved in formic acid, then one cc. excess of the latter added. 
Next the solution was diluted to 150 cc. The solution was then 
put in a weighed platinum dish and placed in the current gener- 
ated by the thermopile. The meters in the first determination 
read as follows: 


Time. Ampére. Volts. 
5 P.M ceeeceeeceeee ree ee tseaan Se9 2.6 
TO PLM sccsccccvesesescececsesdses seen O.I 2.6 


1 This Journal, 18, 654. 








382 CHARLES PLATT. 


The next morning the resistance of the rheostat was dimin- 
ished from time to time. 


Time. Ampére. Volts. 
[o. Oo\) Ge 0.125 3-0 
I2 Meccee cece cceccvcesecesccecces seve 0.105 3.1 
5S P.M ceeeeeeeeeececeeeeeeee cece cece 0.195 3:3 

Weight of Weight of 
cadmium taken. cadmium found. 
Determination. Gram. Gram. 
1 0.0454 0.0452 
2 0.0454 0.0454 
2 0.0642 0.0642 
4 0.0642 0.0642 
5 0.0642 0.0641 


A large number of determinations were made in more concen- 
trated solutions, also with stronger currents, but these often 
failed to give a good adherent plate of the metal. The plates 
formed in the determinations given showed no tendency to oxi- 
dize and they could be kept for several days in the desiccator 
without change of weight. 


CHEMICAL LABORATORY, UNIVERSITY 
OF NEBRASKA. 


THE NORMAL URINE. 


By CHARLES PLATT. 


Received March 18, 1897 
HE various compilations current as ‘‘ Text-books of Urine 
if Analysis,’’ differ materially in their statements as to the 
average composition ofa normal urine. In many cases, indeed, 
the authors have not even attempted to reconcile their ‘‘ totals ’’ 
with the figures given for individual constituents, but aside from 
this, which is, of course, the result of carelessness on the part of 
the compiler, we find great variations in the original figures, due 
not so much to errors of determination as to failure to secure 
representative samples for analysis. Normals determined for 
one nationality, or for one class of one nationality, are commonly 
applied indiscriminately to all without regard to fundamental 
differences in conditions. For instance, the average American’s 
habit of life is not that of the German student, and yet it is a 
fact that the majority of figures given in our text-books have 
originated with the observations of German professors, working 
in conjunction with their student assistants. 
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THE NORMAL, URINE. 


In view of this laxity in text-book statement, the writer has 
for several years made careful records of all urine analyses with 
due attention to the age, sex, and health of the individuals sup- 
plying the samples, and these figures (in all cases compared 
with and in some cases averaged with those of foreign observers) 


are now given in the following table: ' 


THE NORMAL, URINE. 


000) (0) een Pale-amber, straw-yellow. 
Appearance+-+-++-eeeeees Clear or with faint cloud of mucus. 
CEE 56 sb weakens cane aes ‘* Aromatic.”’ 

Reaction «+--+ +eeeee eee ee Acid. Acidity in 24 hours equivalent 


to 2-4 grams oxalic acid. 
Specific gravity at 15- C--Range for adults, 1.015-1.025. 
Averages: Man, 1,020; Woman, I.o18. 
Quantity .--- +... --ee eee. 1100-1600 cc. in 24 hours. 
Averages: Man, 1450 cc. (22 cc. per 
kilo of body-weight) ; woman, 1250 cc. 
Averages for adults. 


Man. Woman 


pees saan ~— 
Grams per 
Grams_ kilogram Grams 


Normal urine. urinein of body- urinein 
Grams. 24 hrs. weight. 24 hrs. 
Total Solids... .seese sees cece sscece 45.0 -65.0 60.0 0.91 51.0 
Urea. cccee cece ccccceccees cece eee ees 20.0 —50.0 34.0 0.51 30.0 
WIIG ACI: c.s0e cee aaes, 4clewsielcnn'e enue 0.3 -0.8 0.6 0.009 0.5 
CECAEI Ni cincciniee= tanlewmaae es coves 0.4 1.3 0.9 0.014 0.8 
Hippuric acid ........... Sislalewisesas pA) =i0 0.7 0.010 0.6 
Xanthine, sarcine, etc -.... + eeeeee+ O.OOI-O.0OIO0 0.005 en 
Oxalic acid. ..cces-coccccces seeeee+ 0.020-0.030 0.025 wees 
Glycero-phosphoric acid-.....-- +++ 0.0I10-0,020 0.015 sees +. 
Propionic, valeric, caproic, and bu- 
tyric acids........ Rae yon Settee 0.008-0.080 0.040 acau 
Phenol, cresol, etc-- ------- seees + 0.005-0.020 0.010 
Sulphur dioxide in ethereal sul- 
Plates. .eeeeeceeseceeeces ceeeeee + 0.090-0.500 0.250 
Indoxyl sulphuric acid (calculated 
as indigo Jo cee cece cece cevccevccece 0.005-0.019 0.008 
Thiocyanic acid.......... dtateeiuvelsies 0.001-0.008 0.004 see ee 


1 Authors consulted: J. Vogel, Loebisch, Kerner, Daiber, Hammarsten, Neubauer, 
Pfliiger, Voit. Salkowski, Liebermann, Brieger, Hoffmann, Dragendorff, Munk, Hoppe- 
Seyler, Yvon and Berlioz, Lehmann, Uhle, Ranke, Furbringer, Geschleiden, Moritz, von 
Jacksch, Planer and Morin, Magnier, Robuteau, Gautier, Becquerel, Méhu, Halliburton, 
Charles, Parkes, Black, Bence-Jones, Tidy and Woodman, Beale, Parrot, Breed, Oliver, 
Thudichum, Weidner, Purdy, Tyson, Griiner, Jaffé, Rankin, von Franque, Oppenheim 


and Meyer. 
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Averages for adults. 
Man. Woman. 
sianniiall antici, ~~ 
Grams per 
Grams kilogram Grams 
Normal urine. urinein of body- urine in 
Grams. 24 hrs. weight. 24 hrs. 


Paraoxy phenylacetic, paraoxy phen- 

ylpropionic, dioxyphenylacetic, 

and paraoxyphenylglycollic acids 0.010-0.030 0.020 were a 
RAO AB ia cen d60d6seeeeacearetenk XO: =O.010: .o:008 aha ae 


Urobilin, urochrome, etc..-..-.-.-+ 0.080-0.140 0.125 sees ee 


Carbohydrates..+..+.eeeee+eeeeeee+ O.OI4-0.075 0.044 sees ee 

(Reducing power of normal urine 
equivalent to an average of three- 
tenths of one per cent. glucose). 

Sarco-lactic, succinic, glycuronic, 
and oxaluric acids,acetone, inosite, 
cystin, taurin, urorubinogen, uro- 
rubin, pigment of Giacosa, sca- 
toxylsulphuric acid (often in con- 
siderable amount), scatoxylglycu- 
ronicacid; nephrozymase, pepsin, 
and other ferments; pseudoxan- 
thine, paraxanthine, heteroxar- 
thine, guanine, adenine, etc.; py- 
rocatechin, hydroquinone, proto- 


catechuic acid, etc..----+..-..-e.- traces sees sees oe 
Chlorine. ....sccccessecsccccceseses 5.0 -10,0 753 0.110 6.0 
Phosphorus pentoxide ............. 2:0: <3. 3.0 0.045 2.5 
Sulphur trioxide..........eeee+20-- 1.5 - 3.0 2.2 0.033 1.9 
Potassium Oxide..-++. s+. eeeeee ees 2.5 - 3.5 3.0 0.045 2.8 
Sodium Oxide......ssecseseeeceeees 4.0 - 6.0 4.5 0.068 4.0 
AMMONIA- ++ oe ee cere cece cece serene 0.5 - 0.8 0.72 0.010 0.6 
Calcium Oxide......0ssccccccvccses 0.2 - O.4 0.30 0.0045 0.28 
Magnesium oxide...........-+s002+ 0.3 - 0.5 0.40 0.0066 0.35 
PNG ig tele uinasoie averse os See iviee's OODEO.010 0.007 oeo5 os 
Silicic acid, carbonic acid, hydrogen 
peroxide, nitrates, nitrites, and 
metals; é. g., manganese and cop- 
3 traces eeee eree es 
GasEs' IN NORMAL URINE. 
In 100 volumes In one liter 
of gas. of urine. 
cc. cc. 
Carbon dioxide «--++ +--+ ese+eeee ees 65.40 15.957 
OXYQZEM ++ ee vere ese eee cece eeecceees 2.74 0.658 
Nitrogen .ccccccecesscovccvcccccccces 31.86 7.775 
100.00 24.390 


CHEMICAL J,ABORATORY, 
HAHNEMANN MEDICAL COLLEGE, 
PHILADELPHIA. 


1 Morin, after Loebisch. 


























NOTE ON THE VOLATILITY OF BORIC ACID; SEPARATION 
OF BORIC FROM PHOSPHORIC ACID; ESTIMATION 
OF BORIC ACID IN FOODS. 


By L. DE KONINGH. 


March 1, 1897. 

HEN titrating boric acid with standard soda, any alkali 
W must be first neutralized by means of a mineral acid 
and the solution well boiled to expel any carbon dioxide. Asit 
is generally believed that boric acid is volatile and escapes with 
the aqueous vapors, it was thought worth while to ascertain in how 
far this is serious enough to interfere with accurate analysis. 
Some chemists advise boiling underan upright condenser, but the 
writer doubts whether one gets really rid of the carbon dioxide, 
which is the great enemy when titrating with phenolphthalein 
as indicator. In the first set of experiments two grams of com- 
mercial boric acid were dissolved up to one liter. One hundred 
cc. were mixed with fifty cc. pure glycerol, phenolphthalein was 
added and two-tenths normal soda was run in until a permanent 
red coloration was obtained, which took place after adding 16.3 
cc. One hundred cc. were now boiled for five minutes, and after 
cooling, made up again to 100cc., sixteen cc. having evaporated. 
This time 16.1 cc. of the soda were required. One hundred cc. 
were again boiled, this time for ten minutes, the loss being fifty 
cc.; 16.0 cc. of soda were required. Ina third experiment the 
boiling lasted fifteen minutes, the loss amounting to sixty cc. ; 
sixteen cc. of soda were consumed. These three experiments 
were conducted in a narrow-necked conical flask; the fourth 
experiment was therefore conducted in a large beaker, boiling 
for fifteen minutes, the loss now amounting to eighty cc.; six- 
teen cc. of soda were required. 

In the second set of experiments two grams of boric acid were 
dissolved with the aid of fifty grams of dry sodium carbonate and 
the solution made up to one liter. One hundred cc. were colored 
with methyl orange and slightly acidified with hydrochloric 
acid. After boiling for three minutes the lossamounted to three 
cc. After cooling the liquid was carefully neutralized and then 
mixed with fifty cc. of glycerol. After adding phenolphthalein 
16.6 cc. of approximately two-tenths normal soda were required. 
Another 100 cc. were treated in the same way, the boiling last- 
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ing ten minutes, and the loss amounting to thirty-seven cc., 
when 16.6 cc. of soda were required. Ina third experiment the 
boiling was continued for fifteen minutes, the loss amounting to 
sixty cc.; again 16.6 cc. of soda were required. From these 
experiments, it may be safely concluded that dilute solutions of 
boric acid may be boiled down to asmall bulk without any loss 
of the acid. 

To see what the loss would amount to if actually evaporated 
to dryness, two portions of 100 cc. each, one with addition of 
some sodium silicate, were mixed with a large excess of hydro- 
chloric acid and the mixture treated as in a silicate analysis. 
After dissolving in about 100 cc. of waterand removing the trace 
of free acidity, the one with the silica added took 14.8 and the 
other 13.6 cc. of soda. It is, therefore, plain that when nearly 
dry a considerable loss takes place by volatilization, but it is 
much less than some authors would have us believe. 

SEPARATION OF BORIC FROM PHOSPHORIC ACID. 


It has been pointed out in a previous communication’ that 
the great, if not the only, drawback of using the titration pro- 
cess for estimating the boric acid in foods, is the invariable 
presence of phosphoric acid in the ash of the same. It may, 
therefore, be argued that once given a good process for remov- 
ing phosphoric acid, the estimation of boric acid in foods may be 
considered as completely solved for the present. Thomson,’ the 
inventor of the titration process, has proposed using barium 
chloride, but has to my knowledge never finished his researches 
in that direction. Another writer has proposed using calcium 
chloride, and this may be used with some success as _ fol- 
lows: The solution must contain a slight excess of sodium car- 
bonate. On cautiously adding calcium chloride, any phos- 
phate, and also the excess of carbonate, is precipitated, while 
the borate in very dilute solution is not precipitated at all. On 
now adding solution of ammonium carbonate containing excess 
of ammonia, the excess of lime is precipitated and the filtrate 
contains boric acid with free ammonia and ammonium chloride. 
By boiling with due excess of sodium carbonate the ammonia 
compounds are soon expelled, as the liquid contains an alkaline 
borate which is then titrated as directed. _ 
2/7. Soc. Chem. Ind., 12, 432. 





1 This Journal, 19, 55. 
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One hundred cc. of the solution mentioned in the first set of 
experiments were mixed with ten drops of saturated solution of 
sodium phosphate. It finally took 16.3 cc. of soda solution, 
showing the method to be accurate. The separation by means 
of magnesia mixture was also tried. Another roocc. of the 
solution were acidified with hydrochloric acid and then mixed, as 
usual, with slight excess of magnesia mixture, ten drops of 
sodium phosphate solution having been previously added. 
After some hours the liquid was filtered and then mixed with 
about five grams of sodium carbonate. On warming, the bulk 
of the magnesia was at once precipitated and filtered off to pre- 
vent bumping. The liquid was now rapidly boiled down to 
expel ammonium compounds, and finally evaporated to dryness 
to render the magnesia insoluble. After taking up with a little 
water and filtering, the result finally was 16.2 cc. of soda solu- 
tion. 

ACTION OF AMMONIACAL SOLUTION OF ZINC OXIDE ON BORIC 
ACID. 

If boric acid is mixed with large excess of zinc oxide dis- 
solved in ammonia, and then evaporated until no more ammonia 
is given off, the separated matter seems to be pure zinc oxide; at 
all events when dissolved in sulphuric acid and mixed with 
alcohol the latter does not burn with a green flame; the filtrate 
also gives no precipitate with ammonium sulphide. Fifty cc. of 
the first boric acid solution treated with ammoniacal zinc took 
finally eight cc. of soda. Experiments are being made, but as yet 
without much success, in rendering this a process for the sepa- 
ration of the phosphoric acid, which as we know forms an insol- 
uble compound with zinc. Now the question arises: Can one, 
without hesitation, recommend the titration process as fit forthe 
estimation of boric acid in foods? In a few experiments in 
which one-tenth gram of crystallized boric acid (dissolved in 
soda-lye) was introduced into 100 grams of oatmeal, 0.095 gram 
was recovered by the magnesia separation ; but the word ‘‘food’’ 
comprises such a variety of bodies that in some cases unex- 
pected difficulties may turn up. However, the writer intends 
always using it when opportunity arises, and by adding a known 
extra weight of the acid to another portion of the substance 
under examination, hopes before very long to bring forward a 
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further series of experiments; and in the meanwhile invites 
others to do the same and to publish their results in this Jour- 
nal. 


METHOD OF DRYING SENSITIVE ORGANIC SUBSTANCES.’ 


By C. C. PARSONS. 


Received March 18, 1897. 
OME years ago in preparing formulas for a class of deter- 
S gent compounds, of which soap was one of the ingredients, 
it was necessary, in order that the formula should be exact and 
definite, to ascertain the moisture in a great number of soaps, as 
commercial soaps differ greatly in this particular. 

The usual processes described in analytical works were slow, 
and, unless very carefully conducted, were liable to cause 
decomposition of the soap by overheating. 

Some previous experiments in dissolving soaps in mineral oils 
for increasing their viscosity and lubricating quality, suggested 
using an oil-bath, putting the soap directly into the hot oil, and 
weighing before and after the hot oil had driven off the moisture. 
It worked very satisfactorily, and subsequently was used with 
equally good results for drying wood paper pulp in some investi- 
gations in nitrating it for a smokeless powder. 

The process has not been used extensively for commercial 
analysis, but in factory operations it has been used continually 
for some years, and could possibly be applied to drying many 
other substances. 

In practice the best results have been obtained by using what 
is commercially called a straight paraffin oil, that is without 
any mixture of animal or vegetable oils or fats, or mineral sub- 
stances, perfectly neutral, 0.920 specific gravity (22.5° B.), 435° 
flash test, 500° fire test, about 550° boiling-point. The object of 
a high fire test is that the oil will be so freed from volatile matter 
that none of it will be carried off with the moisture in the sub- 
stance to be dried. 

If many such analyses are required, it is advisable to prepare 
enough oil for several operations by heating it to about 250° for 
some time, and then keep it in a closed vessel, as it absorbs moist- 
ure from the air when exposed. A suitable amount of the sub- 


1 Read at the Meeting of the New York Section, March 5, 1897. 





























VOLUMETRIC DETERMINATION OF LEAD. 389 


stance to be dried should be divided into small, thin pieces, then 
about six times its weight of oi] put into an evaporating dish, 
and placed in a drying closet kept at 240°. When the oil has 
the temperature of the drying room, it should be weighed, and 
the substance to be dried, weighed and added to it. If very 
moist, add in successive portions. There will be a slight effer- 
vescence at first, and the whole should be kept in the drying 
closet for a few minutes after the effervescence has ceased. 

Ordinarily the whole operation may be completed in twenty 
minutes. The evaporating dish containing the oil, and the sub- 
stance, which is now perfectly dry, should be weighed ; the loss, 
of course, is the moisture. 

Substances like soaps, portions of which are dissolved in the 
oil, cannot be recovered, but those like wood pulp, none of the 
constituents of which are soluble in the oil, can be put in an 
extractor, and, after the oil is washed out, weighed again if 
desired. 

The advantages of this process are, the quickness with which 
the operation may be carried out, simplicity of apparatus, ease 
of manipulation, and the fact that the substance to be dried is 
perfectly protected from any action of the air, by being immersed 
in a neutral liquid while heated, so that it will stand a higher 
temperature, without decomposition, insuring perfect dryness, 
than would be possible if exposed to the air. 





THE VOLUPIETRIC DETERIIUNATION OF LEAD.' 


By J. H. WAINWRIGHT. 
Received March 8, 1897. 


AVING been called upon some time ago to determine the 
H percentage of metallic lead in a large number of samples 
of ‘‘white lead,’’ ‘‘litharge,’’ ‘‘red lead,’’ etc., in a limited 
time, it became extremely desirable to find, if possible, some 
simple and rapid method, whereby twenty or thirty samples 
could be finished in a day. Extreme accuracy was not particu- 
larly necessary, since an error of two to three-tenths per cent. 
either way would not materially vitiate the results for the pur- 
pose for which they were required. 
Various volumetric methods were examined, but they all with 


1 Read at the meeting of the New York Section, March 5, 1897. 
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one exception proved very unsatisfactory and offered no advan- 
tages whatever over the conventional gravimetric methods of pre- 
cipitation and weighing the lead, either in the form of sulphate 
or as chromate. This one exception is the method described in 
Crookes’ Select Methods, slightly modified, and which consists, 
according to Crookes, in adding an excess of sodium acetate to 
a neutral solution of a lead salt (nitrate carefully neutralized 
with either ammonia or sodium carbonate) and titrating this 
solution with a standardized solution of potassium bicarbonate, 
one cc. of which should equal 0.0207 gram metallic lead, the 
end of the reaction being determined by the production of the 
characteristic red silver chromate upon adding a drop of the 
solution to a drop of silver nitrate solution upon a porcelain 
plate. Following out this method, as described by Crookes, con- 
cordant results are difficult to obtain, but by slightly modifying 
some of its details, it appears to leave nothing to be desired for 
certain classes of work. 

For the determination of metallic lead in litharge, for exam- 
ple, the assay is proceeded with as follows: 1.00 to 1.25 grams 
is dissolved in ten to fifteen cc. nitric acid (sp. gr. 1.20), the 
solution is neutralized with ammonia in excess and a consider- 
able excess of acetic acid is added. Itis then allowed to boil and 
the potassium bichromate solution is run in from a burette 
graduated to one-tenth cc. After the addition of bichromate 
solution sufficient to precipitate nearly all the lead, the solution 
should be again boiled until the precipitate of lead chromate, 
which at first is bright yellow, has become orange colored. The 
titration is now continued one-half cc. or soatatime, the solution 
being well stirred after each addition of bichromate until the 
reaction is almost complete, which can be observed by the sud- 
den clearing up of the solution, the lead chromate settling 
promptly to the bottom of the beaker. This will, if the solu- 
tion is hot, usually occur when within about one cc. of the 
end of the reaction, which should now be completed drop by 
drop, stirring and allowing to settle after each addition of 
bichromate and testing by adding a drop or two of the super- 
natant liquid to a drop of silver nitrate solution on a white por- 
celain plate or tile until a distinct red color is produced. 

The solution of bichromate should be made of such a strength 
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that one cc. equals not much more nor less than o.o1 gram 
metallic lead and should be standardized either by means of the 
pure metal or by means of a pure ‘‘ white lead’’ in which the 
metal has been very accurately determined gravimetrically. 

The points to be particularly observed and which appear to 
be essential to the success of the method are: 

First.—The solution of the lead salt should be as concentrated 
as possible before titration and decidedly acid with acetic acid. 

Second.—It should be free from other metals, especially such 
as may exist in the lower forms of oxidation; antimony and tin 
unless they have been previously thoroughly oxidized by repeated 
evaporation with fuming nitric acid are particularly to be avoided, 
since they appear to reduce the bichromate, and the results of 
the titration will therefore be much too high in terms of lead. 
Bismuth, which like lead is precipitated as a chromate, should 
also be avoided. 

Third.—The titration should be performed in a solution kept 
at all times as near the boiling-point as possible. 

Fourth. — The bichromate solution should be neither too 
strong nor too weak for obvious reasons. As given in Crookes’ 
Select Methods the solution appears to be much too strong since, 
unless an inconveniently large weight of the sample is taken, 
the experimental error is too great. On the other hand, it 
should be strong enough for a drop or two in excess, in a solu- 
tion of about 100 to 120 cc. to react readily with the silver nitrate. 
The strength as given above (2. e. about o.o1 gram lead per cc.) 
is approximately correct. 

Fifth.—The test solution of silver nitrate should be dilute, not 
over two to three per cent. 

The method is particularly adapted to the assay of such sub- 
stances as white lead, red lead, litharge, pig lead, etc., and for 
lead ores wherein the lead exists as carbonate, etc. In the 
case of ‘‘red lead,’’ solution should be effected by means of 
nitric acid (sp. gr. 1.20), boiling, and then adding drop by drop 
from a pipette, a dilute solution of oxalic acid until the lead 
oxide formed is completely dissolved. If the ‘‘ red lead’’ con- 
tains organic matter, as is often the case with some samples 
of vermilion to which a small amount of a dye has been added, 
the solution should be filtered before the titration. ‘‘ White 
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lead’’ may be dissolved directly in dilute acetic acid and the 
resulting solution titrated without filtration. The method can 
also be used sometimes to advantage in the case of alloys con- 
taining tin and antimony, and with impure lead bullion, but 
the sample must be thoroughly oxidized and the solution fil- 
tered before titration, and in the latter case it is desirable 
before filtration to precipitate whatever silver there may be pres- 
ent by means of a drop or two of hydrochloric acid or solution 
of sodium chloride. The small amount of chloride present in 
the resulting lead solution does not materially interfere with the 
end-reaction provided, as mentioned by Crookes, the size of the 
drops of silver nitrate solution spread upon the porcelain plate 
be somewhat increased. 

The following are some of the results obtained by this method: 


STANDARDS. 


Potassium carbonate 


Lead solution, One cc. = gram lead. 
Gram. cc Gram. 
0.6475 56.3 0.01150 
0.6330 54.8 0.01155 
0.6234 54.1 O.O1152 
0.6196 89.1 0.00690 
0.6475 94.0 0.00696 
0.6706 96.4 0.00706 
0.4911 46.1 0.01065 
0.5654 53-5 0.01056 
0.5800 54.7 0.01060 
0.5355 50.6 0.01058 
0.4216 39-9 0.01056 
0.4673 2.2 0.01057 
0.5061 29.0 0.01742 
0.5387 30.8 0.01748 
0.5839 33-7 0.01733 

WHITE LEAD (DRY), METALLIC LEAD DETERMINED AS ABOVE. 
Sample. I 2: 2. 
Per cent. Per cent. Per cent. 
A cecccccccceee eeese veces 79.3 79:2 79.0 
B vvsicice ciceses cesvivicieses 78.9 78.7 eee 
Orsi aniedies om ewes paren 79.5 79.8 79.5 
DDisis:6-s.\sidwin vine ene ad sae 00's 79.0 78.9 
WHITE LEAD GROUND IN OIL! 
Sample. I 2. a. 
Per cent. Per cent Per cent. 
Bae re itch ee a cores caer 70.2 69.7 70.1 
F wcceee ees eoccececeeses 72.6 72.4 


1In this case the sample should be dissolved in dilute nitric acid, boiled, filtered, so- 
ution neutralized with ammonia in excess, and then acidified with acetic acid in excess. 
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LEAD BULLION. 


I. % 

Sample. Per cent. Per cent. 
) LOC Tee Pe CT ee 97-75 97-75 
Wiisce: aoiial ae!) ornincalaime we tal eter eie em ante ets 97.06 96.83 
iis abled eae as A paren aaa Re aaaies 95.68 95-44 
TD ac ccade¢éwnes 400k eeeeh wend ea 95.22 95.68 


E, volumetric determination = 96.27 per cent. 
E, gravimetric determination = 96.36 per cent. (from PbSO,). 


ALLOY SAID TO CONTAIN LEAD EIGHTY PER CENT., ANTIMONY FIFTEEN 
PER CENT., AND TIN FIVE PER CENT. 

Sample A (thoroughly oxidized), volumetric = 79.7 per cent., gravi- 
metric = 79.79 per cent. 

Sample B (thoroughly oxidized), volumetric = 80.6 per cent., gravi- 
metric = 80.44 per cent. 

Sample C (nut completely oxidized), volumetric = 77.7-77.9 per cent., 
gravimetric = 75.56-75.41 per cent. 

In using this method it will be found very convenient to 
employ the ‘‘ equivalent weight’’ system, so that the percentage 
of metallic lead in the sample may be read directly upon the 
burette. 


MANUFACTURE OF PHOSPHOR BRONZE. 


By MAX H. WICKHORST. 
Received March 18, 1897. 

HOSPHOR bronze is bronze containing a small amount of 
[ phosphorus, varying from a few hundredths of one per 
cent. to over one per cent. The phosphorus is added mainly to 
deoxidize the metal. It may be added to the bronze in sub- 
stance as phosphorus, or in the form of a high phosphorus alloy. 

At the brass foundry of the Chicago, Burlington & Quincy 
Railroad Company, at Aurora, IIl., we use the latter method. 
The alloy we call ‘‘ hardener’’ and it contains six per cent. of 
phosphorus with copper and tin, in the ratio of 8 to 1. 


6 


Manufacture.—Our method of making this ‘‘ hardener’’ is as 
follows: Ninety pounds of copper are melted in a No. 70 cruci- 
ble (which holds about 200 pounds of metal when full), under 


charcoal, eleven pounds of tin are added, and the whole allowed 
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to become hot. The pot is then taken from the furnace and 
placed upon the floor. Then seven pounds of phosphorus are 
added in the following manner: A three-gallon stone jar half 
full of dilute solution of blue vitriol is weighed; phosphorus in 
sticks about four inches long is added until the weight is in- 
creased by seven pounds The phosphorus remains in this solu- 
tion half an hour or longer and is by this means given a coating 
of metallic copper, which prevents ignition when it is dried and 
exposed to the air. The phosphorus is then transferred from 
the vitriol solution to a pan (Fig. 1) to dry. The pan is made 








of galvanized iron about thirty inches square and six inches 
high. It contains about two inches of water. Over the water 
is wire netting supported from ledges along the inside of the 
pan. On the netting is blotting paper and on this the phos- 
phorus is placed to dry. The pan has a lid which may be put 
down in case the phosphorus takes fire. 

The phosphorus is introduced into the metal by means of a 
cup-shaped instrument called a retort or phosphorizer (Fig. 2), 
made of the same material as the graphite crucibles. The joint A 
is made tight with a cement of mineral paint mixed to a stiff 
paste with boiled oil. The metal having been melted and 
placed on the floor, one man holds the retort over the brim of 
the crucible, as shown in Fig. 2. Another workman takes 
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about three pieces of phosphorus and throws them into the 
retort. The first workman then immediately plunges the retort 
into the metal before the phosphorus can fall or flow out. The 
phosphorus of course immediately melts and begins to volatilize 








FIG. 2. 


and as it comes in contact with the metal combines with it. 
This operation is repeated until the seven pounds of phosphorus 
have been added to the metal. Then the metal is poured into 
thin slabs about one inch by three.inches by four inches. It is 
so hard that a greater thickness would make it difficult to break. 
Analysis shows this alloy to contain six per cent. of phosphorus. 
Ordinarily when we wish to add phosphorus to metal, we do it 
by adding a little of this high phosphorus alloy. . 

Our method of making phosphor bronze bearing metal is as 
follows : 


COMPOSITION OF METAL, 


Per cent. 
Copper Tecra rer ye ey eT err ee ee 79:7 
aeMiaieeln v.6-c0 0.5-0s dee e dace wee ard acevdenwdenee Te 
iF PRPERR eee ee POC ee PE Ce ry «o« 106.0 
Phosphorus «--- +--+ sees ceeccccecceee seeees 0.3 
100.0 


The copper is melted under charcoal, the tin and lead added, 
and enough ‘‘hardener’’ to get a sufficient amount of phos- 
phorus. 

Phosphorus has the effect of hardening bronze and it also 
makes it more fluid. The important property of phosphorus is 
however to deoxidize the metal, and it does this effectively. 


AURORA, ILL., March, 1897. 














ANALYSIS OF PHOSPHOR BRONZE, PHOSPHOR COPPER, 
PHOSPHOR TIN, ETC. 
By MAX WICKHORST. 
Received March 18, 1897. 

Determination of Phosphorus Alone.—The following is a method 
which may be used where phosphorus alone is wanted, in phos- 
phor bronze, phosphor copper, phosphor tin, etc. 

Treat one gram of the sample with twenty cc. aqua regia, con- 
sisting of fifteen cc. nitric acid and five cc. hydrochloric acid 
and warm. When the reaction is complete, add water, then 
excess of ammonia, and make up to 200 cc. Pass in hydrogen 
sulphide until the copper, lead, etc., are all precipitated, and 
filter. T’o 100 cc. add ten cc. of magnesia mixture and ammo- 
nia in the usual manner. The phosphorus in the metal has 
been oxidized to the pentoxide by the aqua regia, and it is here 
obtained as the usual magnesium ammonium phosphate precipi- 
tate. After a few hours, filter off the precipitate into a Gooch 
crucible and wash with diluted ammonia water, containing a 
little ammonium sulphide. Dissolve the precipitate in a little 
dilute hydrochloric acid, add a little magnesia mixture and 
reprecipitate with ammonium hydroxide. Collect on a Gooch 
filter, ignite, and weigh. From this calculate the phosphorus. 
For most purposes the double precipitation may be dispensed 
with and the first precipitate ignited and weighed. 

Complete Analysis of Phosphor Bronze.—Treat one-half gram 
of borings with five cc. of strong nitric acid, applying heat. 
After the reaction is over, rub the residue well with a rod, adda 
little water, filter off the residue on a nine cm. filter and wash 
with water containing a little nitric acid. Put the moist filter 
with contents into a weighed porcelain crucible, apply heat, at 
first very gently, and finally with a blast-lamp. The weight of 
the residue gives stannic oxide plus phosphorus pentoxide. 
Fuse the residue with one-half gram of sodium carbonate and one 
gram of sulphur, with cover on the crucible. Heat with Bunsen 
burner until excess of sulphur is all driven off. Allow to cool 
and dissolve the mass in hot water, add excess of ammonia, 
then one gram of ammonium chloride, and when cold precipi- 
tate with magnesia mixture. Collect the precipitate in the same 
manner as above, dissolve in a little dilute hydrochloric acid, 
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add ammonia and magnesia mixture, and re-collect and weigh 
the precipitate. This gives magnesium pyrophosphate, from 
which calculate phosphorus. 

To obtain tin calculate magnesium pyrophosphate to phos- 
phorus pentoxide, subtract this from stannic oxide plus phos- 
phorus pentoxide. This gives stannic oxide. Calculate this to 
metallic tin. 

However, by the treatment of the bronze with nitric acid, the 
phosphorus is not all rendered insoluble in combination with the 
tin. A little of it goes into the filtrate, and in order to get this 
phosphorus, a duplicate sample may be weighed out with the 
first, treated in the same way and filtered. The filtrate is pre- 
cipitated with molybdate solution and the phosphorus deter- 
mined in this by one of the usual methods. This phosphorus is 








f added to that obtained above. 
Frequently the tin and phosphorus are found together as above 
and the phosphorus determined in a separate portion of the sam- 


ple. This is then calculated to phosphorus pentoxide, which is 
subtracted from the stannic oxide plus phosphorus pentoxide to 
give stannic oxide. But such a method causes results for tin a 
little too low, because, as explained above, the phosphorus is 
not all retained by the tin. 

To the filtrate, from the stannic oxide plus phosphorus pentox- 
ide, add ammonium hydroxide until just about neutral, then add 
five cc. nitric acid, make up to about 150 cc. with water, trans- 
fer to a large platinum dish and suspend in this a platinum foil 
about two inches square. Pass electric current through so as 
to precipitate the lead as dioxide on the dish, and the copper as 
metallic copper on the foil. Test whether action is complete by 
taking out a drop and treating with ammonia. If no blue color 
develops, the copper is all precipitated, and so also the lead, as 
its precipitation is complete long before all the copper has come 
down. Siphon off the liquid from the precipitates, pouring in 
fresh water meanwhile, until most of the acid is gone. Then 
disconnect the current and wash the precipitates well with water. 
Dry in an oven and weigh. This gives metallic copper direct, 
and the lead can be calculated from the lead dioxide. 

The liquid may still contain iron and zinc. ‘To determine 
these, warm the liquid somewhat, add anexcess of ammonium 
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hydroxide and then ammonium sulphide. Allow to stand in 
a warm place until the precipitate has all settled, collect the pre- 
cipitate on a small filter, ignite in a porcelain crucible, very cau- 
tiously at first, and finally with a blast-lamp. ‘This gives ferric 
oxide and zinc oxide. Dissolve the ferric oxide and zine oxide 
in hydrochloric acid, add water, heat, precipitate with ammo- 
nium hydroxide, collect ferric hydroxide, and calculate to metal- 
lic iron. Subtract ferric oxide from ferric oxide plus zinc oxide. 
This gives zinc oxide. Calculate to metallic zinc 


AURORA, ILL., MARCH, 1897. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U. S. DE- 
PARTMENT OF AGRICULTURE, NO. 26.] 
A NEW FORM OF CONDENSER FOR THE DISTILLATION 
OF LIQUIDS HAVING LOW BOILING-POINTS. 


By ERVIN E. EWELL 


Received March 17, 1897. 
HE device to which I desire to call attention is one that will 
a be of interest to all persons who find it necessary to distil 
large quantities of highly volatile liquids, during the warm 
months of the year. The apparatus is a comparatively simple 
one, consisting of a block-tin condensing worm surrounded by 
two copper jackets. Through the upper one of these, hydrant 
water is circulated for the preliminary cooling of the vapor ; the 
lower one is filled with ice water for the complete condensation 
of the vapor and the thorough cooling of the distillate. In the 
apparatus that we have in use, this ice-water chamber is closed 
at the top and the ice water is prepared in a separate tank and 
allowed to flow into the jacket of the condenser at such a rate as 
the thermometer indicates to be necessary. Dr. Brown, formerly 
of this laboratory, has suggested that the ice-water chamber be 
made open and hopper-shaped at the top in order that the ice 
may be introduced directly into the cooling chamber. This 
method of construction would doubtless lessen the amount of ice 
as well as the attention necessary for the satisfactory working of 
the apparatus. When chloroform or other liquids of moderately 
high boiling-points are being distilled, and during cold weather, 
we use hydrant water in both chambers. 
The accompanying illustration shows the general form of the 
apparatus and the device for supporting it. A condenser 
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of this construction has been in use in this laboratory for nearly 
a year with perfect satisfaction. It has twenty-four turns of 
three-eighths inch block-tin piping in each chamber; the turns 
of the worm being two and one-half inches in diameter from cen- 





Mer nei 

















ter toScenter of the pipe, each chamber has two hundred and 
twenty square inches of cooling surface. 

The vessel containing the liquid to be distilled is placed upon 
a plate containing a small quantity of mercury. If the vessel isa 
beaker or of some other open form, it is covered with a bell-jar, 
which is connected with the condenser by means of an opening 
at the top; if the liquid is contained in a flask, direct connection 
is made with the condenser. The plate containing the mercury 
is heated by steam. For this method of arranging distilling ves- 
sels, see page 103, of Bulletin No. 28, Division of Chemistry, 
U. S. Department of Agriculture. 


WASHINGTON, D. C., March 15, 1897. 











[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF CALIFORNIA. ] 

NOTES ON THE ESTIMATION OF CYANOGEN BY SILVER 
NITRATE, USING POTASSIUM IODIDE AND AMMO- 
NIA AS INDICATORS.’ 

By WILLIAM J, SHARWOOD. 
Received March 6, 1897. 
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HE introduction of the ‘‘cyanide process’’ for extracting 
Ty gold from its ores has given increased importance to the 
methods for determining cyanogen in alkaline cyanides. It 
is necessary to estimate rapidly the strength of the solutions used, 
and also of the spent solutions, in order to check losses and to 
show the amounts of additional cyanide requisite to fortify the 
spent liquors for further use. 

The best known volumetric methods are those of Liebig (by 
titration with standard silver nitrate until a permanent precipi- 
tate forms), and of Fordos and Gelis (with standard iodine) ; 
that of Hannay (titration with standard mercuric chloride in 

1 The essential part of this paper was read before the Chemical Section of the 


Science Association of the University of California, March 30, 1896. A number of obser- 
vations on the delicacy of indicator, and on oxidizing agents, have been added since. 
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presence of ammonia till precipitate is permanent) is open to 
objection as the end is indistinct in presence of many commonly 
occurring impurities. The iodine method requires the neutrali- 
zation of free alkali, and Liebig’s method has been most gener- 
ally used, both on account of its simplicity and the permanence 
of the standard solution; it is, however, slightly affected by cer- 
tain common interfering substances. 

In the practical application of the ‘‘cyanide process,’’ as 
usually carried out, the essential reactions are: 

(I) For solution of the gold: 

4KCy + 2Au+ O+ H,O= 2KAuCy,+ 2KOH, 

as was originally stated by Elsner, the necessity for the pres- 
ence of free oxygen being disputed at first by MacArthur, but 
verified by MacLaurin. 

(II) For precipitation by metallic zine the equation usually 
given is: 

2K AuCy, + Zn = K,ZnCy, + 2Au. 


Hence, starting with a solution of pure potassium cyanide, 
the spent liquors necessarily contain (beside the unaltered ex- 
cess of potassium cyanide) potassium hydroxide, potassium zine 
cyanide, and potassium zincate resulting from the solvent action 
of potassium hydrate upon zinc; the amount of zinc passing 
into solution is always far in excess of that calculated 
from the above equations on the basis of the gold precipitated. 
Owing to original impurities, to the decomposition of cyanide 
solutions in contact with the air, to incomplete precipitation, 
and especially to the action of various constituents of the ores 
treated (particularly sulphides in a more or less oxidized condi- 
tion), there may also be present potassium aurous cyanide, 
potassium auric cyanide, potassium silver cyanide, mercuric 
cyanide, ferrocyanides, ferricyanides, double cyanides contain- 
ing copper, nickel, or cobalt, (and probably manganese), cya- 
nates, thiocyanates, sulphides, thiosulphates, ammonia com- 
pounds, oxamide, formates, etc., arsenites and antimonites (or 
their thio-salts), with sometimes very large quantities of calcium 
salts, and alkaline chlorides, sulphates, and carbonates. The 
potassium of commercial cyanide is often partly replaced by 
sodium, but without reducing its efficiency as a solvent for gold. 
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Caustic alkalies, alkaline plumbites, lime, soap, and certain oxi- 
dizing agents (as bromine, cyanogen bromide, mercuric 
chloride, and the peroxides of sodium and barium) areoccasion- 
ally added during the process. The aim of the technical chem- 
ists has been primarily to estimate the simple alkaline cyanide, 
that existing in double cyanides having been considered ‘‘ una- 
vailable ’’ for dissolving gold until recently, but certain double 
cyanides, especially that of zinc, have now been proved to have 
some solvent action. 

Liebig’s method gives accurately the cyanogen in solutions 
of alkaline cyanides, and of hydrocyanic acid after neutraliza- 
tion with soda or potash, the end-reaction consisting in a pre- 
cipitation of silver cyanide; the addition of an alkaline chloride 
as indicator does not apparently affect the reaction. Cyanogen 
in mercuric cyanide, in cyanogen bromide, and in the double 
alkaline cyanides of silver, gold, nickel, cobalt, iron, copper, 
zinc, and a few other metals, cannot be estimated by it. Some 
of these substances, at least the two last mentioned metals, affect 
the determination of free alkaline cyanides to some extent. 
Solvents of silver cyanide, such as ammonia, ammonium carbon- 
ate, and thiosulphates, retard the end-reaction somewhat, giv- 
ing high results ; sulphides obscure it altogether by precipita- 
ting silver sulphide, and a large amount of free fixed alkali 
causes rather high results. Even in pure solutions the end is apt 
to be obscure or indefinite, a granular precipitate of silver cya- 
nide forming and redissolving very slowly, making titration tedi- 
ous. In presence of zinc (z. ¢., pure potassium cyanide and pure 
potassium zinc cyanide) the end-reaction consists in the forma- 
tion of a gelatinous precipitate of zinc cyanide soon after all the 


6c ’ 


free or ‘‘available’ 
rather vague, but is rendered sharper by addition ofa little ferro- 


alkaline cyanide hasreacted. This ‘‘end’’ is 


cyanide as indicator, when a zinc ferrocyanide of doubtful com- 
position falls out upon exhaustion of the uncombined alkaline 
cyanide ; some of the cyanogen existing as double zinc cyanide 
is invariably reckoned in,’ and this increases in presence of free 
alkali, so that the results of this so-called ‘‘available’’ cvanide 


” 


1 Bettel (Chem. News, 72, 286, Dec. 13, 1895) states that exactly seven and nine-tenths 
per cent. of this is reckoned in. The writer has obtained wariable results, averaging 
somewhat lower. Bettel himself mentions the time-effect and personal equation intro- 


duced. 
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titration are not strictly accurate. If enough caustic soda or 
potash be added to convert all zine present into zincate a// the 
cyanogen in the double zine cyanide can be estimated ; but the 
end is not sharp and the excess of alkali modifies results appre- 
ciably. In practice a little ammonia may be present, retarding 
the end-reaction ; Mr. MacArthur appears to have been the first 
to suggest the use of potassium iodide as an indicator, the final 
precipitate being silver iodide, not appreciably affected by ammo- 
nia. Even with these improvements the end is not sharp and a 
precipitate is apt to form before reaction is complete, while time 
is a decided factor in titration when much zinc is present. The 
interference of soluble sulphides can be obviated by the method 
proposed by MacArthur, both for the estimation of cyanogen and 
as a metallurgical process, of adding lead carbonate or a solu- 
tion of an alkaline plumbite and filtering off the lead sulphide 
formed. 

In December, 1893, M. Georges Denigés' published a method 
of volumetrically estimating silverin any compound. He pointed 
out that none of the hitherto used volumetric processes for silver 
were universally applicable ; that Volhard’s method with stand- 
ard thiocyanate, though more general than Gay—Lussac’s or 
Mohr’s, could not be used with chlorides, bromides, or iodides 
of silver. Heshowed that every silver compound could be dis- 
solved by means of potassium cyanide, or of ammonia and potas- 
sium cyanide (after a previous oxidation with nitric acid in the 
case of the metal, sulphide, and arsenide), without loss of cyan- 
ogen. He proposed to use a measured volume of a solution of 
potassium cyanide, in some excess of that required to form 
potassium silver cyanide with all the silver present, add ammo- 
nia and potassium iodide, and titrate with decinormal silver 
nitrate until a faint cloud of silver iodide forms; then to titrate 
similarly an equal volume of the same cyanide solution with 
addition of ammonia and iodide; the difference in the amounts 
of actual silver used in the two titrations equals the amount in 
the substance taken. The results quoted are perfectly concordant 
and accurate. 

The present writer made at that time a few determinations of 
silver by this method, obtaining fair results, though less accu- 


1 Compt. rend., 117, (26), 1078. 
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rate than with thiocyanate. Very satisfactory results were 
obtained in estimating iodide in presence of chloride, by pre- 
cipitating with silver nitrate, treating with an excess of ammonia, 
washing the residue and redissolving it with potassium cyanide 
for titration. Some time later when estimating cyanogen bythe 
method of Liebig, it struck the writer that an obvious corollary 
to Denigés’ method for silver would be to apply his indicator, po- 
tassium iodide with addition of ammonia, to the determination of 
cyanogen; this was tried and very satisfactory results were ob- 
tained. The principal advantage found was in the rapidity of 
titration, the temporary precipitates dissolved instantly on shaking 
and the end was very sharp. In presence of zine it was useless to 
attempt to determine ‘‘ available cyanide;’’ increasing the ammo- 
nia indicated nearly all the cyanogen in potassium zinc cyanide, 
but never quite all unless fixed alkali were added. A number 
of experiments were then made to determine the accuracy of the 
method under varying conditions, more especially to ascertain 
the effect of the substances likely to occur in the liquors obtained 
in the MacArthur—Forrest and similar processes. Shortly after 
these were commenced, a second paper was published by M. 
Denigés, entitled ‘‘ Une nouvelle methode cyanimétrique,’’' in 
which he recommends the use of the same indicator for estima- 
ting cyanides and quotes numerous experiments, mentioning that 
his attention was called to the use of an iodide indicator by a 
consideration of the relative thermal effects produced in precipi- 
tating silver as iodide and as cyanide. M. Denigés has there- 
fore priority in the use of this indicator, his improvement con- 
sisting in the deliberate introduction of ammonia as well as an 
iodide. Astheresults published by Denigés covered but few of the 
substances occurring in spent cyanide solutions, these experi- 
ments were continued by the writer and a number of the results 
are here given. Many of the salts (such as those of the organic 
acids) were used merely with a view to their possible use in cor- 
recting the effect of other interfering substances more likely to 
be met with. 

Regarding the solutions used : that of potassium cyanide was 
of approximately one-fifth normal strength, prepared from the 
‘‘ninety-eight per cent.’’ commercial cyanide of German make, 


1 Ann. chim. phys., [7], 6, 381. 
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an analysis of whichis given. Several liters of decinormal sil- 
ver nitrate were prepared and the same solution was used 
through about half the experiments; later a twentieth-normal 
solution was found to be preferable, on account of the delicacy 
of the end-reaction. The silver solutions were prepared from 
metal 998.6 fine and were very carefully standardized by Vol- 
hard’s method, and adjusted to the strength indicated by com- 
parison with the purest silver obtainable.' The standard of the 
silver solutions was assumed not to vary during the experiments; 
actually a change of nearly one-tenth per cent. was found after 
several months, the solutions being kept in the dark. Potas- 
sium iodide was used in a five per cent. or three-tenths normal 
solution ; two cc., containing one-tenth gram, were commonly 
taken. Commercial ammonia was used, of sp. gr. 0.93, corre- 
sponding to ten times normal strength ; occasional determinations 
showed it to vary from ten to nine and one-half times normal 
strength ; three to five cc. were usually added. 

The burette used for the standard silver solution had a capac- 
ity of fifty cc. and was graduated to tenths; the back was 
white with dark stripe, enabling it to be read to one-fortieth cc., 
but ordinarily it was read to one-twentieth. The quantities of 
cyanide solution used were so adjusted as to require, normally, 
about twenty cc. of solution; they were alwavs measured with 
the same pipettes, of ten and twenty ce. capacity. The burette 
was tested, and the errors in the first twenty cc. were found to be 
quite negligible ; before each determination it was refilled, so as 
to obtain a reading from zero to about twenty cc., except in a 
few cases. ‘The ordinary error of observation could not thus 
exceed one part in 4oo, and was more nearly one in 800. The 
glass stop-cock gave a drop slightly exceeding one-thirtieth cc., 
so that an extra drop would correspond to one part in about 600 
of cyanogen present. The apparently greasy condition of the 
inner surface of the burette, which follows some days’ use, was 
found to be completely remedied (after use with silver nitrate) 
by rinsing with a little weak solution of potassium cyanide. 

The temperature of the laboratory ranged from 16° to 21° C. 

1 This pure silver was prepared by reduction of fused chloride by pure zinc, and 
fusion of the washed metal, first with potassium bisulphate and then with borax; the 
chloride had been obtained by dissolving silver of a fineness of 998.6in dilute nitric acid, 


filtering off the gold, precipitating from hot and highly dilute solution by hydrochloric 
acid, and repeatedly washing with hot water. 
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during observations, on only one or two occasions being 1° above 
or below these limits. 
REACTIONS INVOLVED. 
The reactions involved in the estimation of cyanogen by silver 
nitrate are: 
(1) Saturation, forming double silver cyanide : 
2KCy + AgNO, = KAgCy, + KNO,, 
and (2) precipitation of the excess of silver as cyanide : 
KAgCy,+ AgNO, = KNO,+ 2AgCy, 
or (3) as Zodide, if an alkaline iodide be present : 
KI-+ AgNO, = KNO, + AgI. 
The second reaction, but not the latter, being prevented by 


the presence of ammonium hydroxide or carbonate. 
‘‘molecule,’’ and ‘‘ equivalent,’’ as used 


The terms ‘‘ atom,’ 
in this paper in allusion to quantities of materials, refer to the 
corresponding weights expressed in fexths of milligrams, thus 
one cc. of tenth-normal silver nitrate contains one molecule sil- 
ver nitrate, and corresponds in titration to two equivalents of 
cyanogen. 


6c 


ANALYSIS OF ‘* POTASSIUM CYANIDE 98 PER CENT.”’ 


Per cent. Corresponding to 
CyanOgen...seeeeeeceeceeee 39.36 98.49 per cent. KCy. 
Potassium ....-sececceceses 44.246 73.7. per cent. KCy. 
ee ERT Re 11.661 
Carbonic acid radical (CO,)- 3.57 6.31 per cent. Na,CO,. 

Total determined..... 98.837 


Traces of chloride, sulphate and ammonia were found, and a 
little water, but no indications of thiocyanates, cyanates, nor of 
iron in any form. 

The association of base and acid was calculated asa check on 
the analysis, all the alkali-metal not combined being reckoned 
as hydroxide. 


Per cent. 
Potassium CyAMide...scceesscsce cece scces soccssccvces 72.7 
Sodium cyanide Nae a ee ee ee Te pT me rere es 
SUR SEKAI ONIO RG 6650: 5-0 se. dr0;0 sa 169:6, 9:010:0.09 0 e:sinido6 ere Beipibigyere 6.31 
Sodium hydroxide. .....cseecsccccccccce ccc cccesccccs 0.25 
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As the alkaline cyanides are about equally efficient as solvents 
of gold, it is customary to report analyses as ‘‘percentage of 
potassium cyanide,’’ based merely on the estimation of cyano- 
gen; this is often misleading, a great part of the potassium 
being frequently replaced by sodium, as in the above case, so that 


6é 


nominally ‘‘ 100 per cent.’’ potassium cyanide may contain ten 
or twenty per cent. of impurity; in fact pure sodium cyanide 
would be reported as 133 per cent. potassium cyanide, and a 
mixture of one gram-molecule each of sodium and potassium 
cyanides with sixteen grams of impurity would yield apparently 
100 per cent. potassium cyanide, while containing over twelve 
per cent. of impurity. It would seem desirable to report the 
valuation of cyanides in terms of the ‘‘cyanogen contained in 


” 


alkaline cyanides,’’ or in some similar manner. 
SERIES I.—COMPARISON OF RESULTS OBTAINED IN TITRATING 
POTASSIUM CYANIDE SOLUTIONS WITH STANDARD SILVER 
NITRATE BY THE METHODS OF LIEBIG AND DENIGES. 


In each case the same (one-fifth normal) solution of potassium 
cyanide was used; in using Denigés’ method five cc. of decinor- 
mal ammonia were added and one decigram of potassium iodide ; 
each was titrated with silver nitrate of decinormal strength. 


Set /.—By Liebig’s method : 


(a) 20 cc. potassium cyanide solution required 19.65 cc. silver nitrate. 
(6) 20 se se “ce se “eé 19.7 ae “e “cc 
(c) 20 “e sé iad “e ae 19.65 “e “s ae 


Mean 19.667 ‘* s os 
Set [7,—By the method of Denigés: 


(d@) 20 cc. potassium cyanide solution required 19.7 cc. silver nitrate. 





(e) 20 a ‘6 “c “<“ “cc 19.7 “é ““ ‘“ 

(/) 40 sé “ec ‘é “ce “e 39.35 “é “ec sé or 

(Sf) 20 “ce “c ‘é «é ae 19.675 ‘‘ cs ‘6 
Mean 19.692 ‘‘ “ = 


SERIES 2.—EFFECT OF VARYING VOLUME OF SOLUTION. 


Using twenty cc. fifth-normal potassium cyanide solution, five 
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cc. ammonia, and one-tenth gram potassium iodide and adding 
water to make final volume 50 cc. or 150 cc. 


(a) 20cc. diluted to 50 cc. required 19.70 cc. tenth-normal silver nitrate. 


(0) 20 cc. “ce 50 c “ec 19.70 “ec “ce “e “ce 
(c) 20 cc. “e 150 cc Lai 19.75 ae ac “ec é 
(d) 20Cc¢. es To: ** x 19.70 ‘‘ ee “6 


SERIES 3.—PROPORTIONALITY OF SILVER NITRATE USED TO 
CYANIDE PRESENT. 


The potassium cyanide was added from a ten cc. pipette. 
Three cc. ammonia and one-tenth gram potassium iodide were 
used. 

Io cc. potassiuin cyanide solution required 9.8 cc. silver nitrate. 


20 ae ae oe se ce 19.6 ae ee ce 
290 “ “ «“ “ 29-4 “6 6“ ““ 
K 


SERIES 4.—EFFECT OF VARYING THE PROPORTIONS OF THE 
INDICATORS : POTASSIUM IODIDE AND AMMONIA. 


The ammonia water was of approximately ten times normal 
strength. 


Set. 7.—Varying potassium iodide, ammonia constant ; using 
twenty cc. fifth-normal potassium cyanide, and five cc. ammonia. 


Grams potassium iodide added.........- 0.05 0.1 0.25 0.5 
ec. tenth-normal silver nitrate required. 19.7 19.7 19.75 19.7 
iy ‘i - i * 19.75 19.7 page 19.7 
= as io - 19.7 19.75 eee 19.7 
iT s a es es pwerine 19.7 oe wots 


Set /7.—Varying both ammonia and potassium iodide. Using 
twenty cc. fifth-normal potassium iodide solution at a tempera- 
ture of about 20° C. . 


Grams potassium iodide added....... O.I 0.5 0.5 0.5 

ec. ammonia added. cc. tenth-normal silver nitrate required. 
BS tet cece ee eect cence eeee cee 19.7 19.75 19.7 19.7 
OMe EEE ERTL ERE CEE EEOC Ree Tee ee 19.8 cae 19.75 
Ne wied ow ind eee eer wae Eee as ok esis Por wats 19.85 
BO veceeeceeecees Salbweeleeaalase eae eos cee 19.9 
eo omdnd.66:8 o 4 e608 20.2 20.1 Seas 


Set //7.—Using ten cc. of another fifth-normal solution of 
potassium cyanide at a temperature of 14° C. 
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Grams potassium iodide added....... O.I O.I 0.25 1.0 
cc. ammonia added. cc. twentieth-normal silver nitrate required. 
GD govt dese vewcengVeeta acne wean 20.02 20.05 20.05 
BD v.ciesinaawlad Sumac cinlenmaaaaldats sates Bee raere 20.15 
5 cawlesinsdeeselsipee ete Giaeicvewas 20.05 20.05 
15 seccceccccee ceeccsceee cece cece aaa 20.1 
QO ocivcce ve-ccesievvsriviccesocene 20.13 20.18 
JO ceeeee cree ceer eens ceeecscnee 20.25 e 
AD deine singitiua wieles worsen main aia a gues 20.25 
BO). ceiaraiecate)elessisiaiens euvete meres seteers 20.5 20.55 : 20.25 : 


SERIES 5.—EFFECT OF VARYING TEMPERATURE. 


Set /.—Using twenty cc. fifth-normal potassium cyanide solu- 
tion, five cc. ammonia, and one-tenth gram potassium iodide. 
Temperature ..-..cccscsecescscecess 22° 45‘ 72° 
cc. decinormal silver nitrate required 19.7 19.85 20.0 
Set //.—Varying temperature and varying ammonia. Using 
ten cc. fifth-normal potassium cyanide and one-tenth gram potas- 
sium iodide, titrating with twentieth-normal silver nitrate. 


Temperature---...-+-- 20 48° 80° 
cc. of tenth-normal ammonia added. cc. tenth-normal silver nitrate added. 
5 cece cece ccc cees «+ (@) 20.05 (a) 20.2 (@) 20.3 
5 cece cece cece cons cees (6) 20.05 ee 
15 sccccccccccc cece cece (6) 20.1 ° (6) 20.8 
ON ax or Gai ie a ee GIRO wes wa (6) 21.1 


In the last set of experiments the solution was warmed, or 
ammonia added, or both, until the end-precipitate from one 
determination had redissolved; silver nitrate was then added, 
drop by drop, until the precipitate reappeared. 

From the preceding figures it seems that moderate variations 
in the proportions of indicators have but little effect on the 
results of estimating cyanogen by this method ; it is, however, 
evidently desirable to keep the temperature constant, and to avoid 
an undue excess of ammonia which gives results somewhat too 
high, 

In presence of a large amount of ammonia the error may be 
reduced somewhat by adding a larger amount of potassium 
iodide, but under ordinary conditions one-tenth gram is suffi- 
cient. 

SERIES 6.—DELICACY OF INDICATOR. 


Set .—(a) With five cc. ammonia and one-tenth gram potas- 
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sium iodide, in fifty cc. water, no cyanide being added, one drop 
(or 0.03 cc.) of twentieth-normal silver nitrate was sufficient to 
give a very decided cloud of silver iodide. Using the same 
quantities of ammonia and iodide in 150 cc. of water, the same 
amount of silver salt gave a decided cloud, though of course less 
dense than in the smaller volume of liquid. 

(6) With fifty cc. of a very dilute solution of sodium chloride, 
and adding five cc. ammonia and one-tenth gram potassium 
iodide, one drop of twentieth-normal silver nitrate gave a similar 
precipitate. In a similar solution, without these indicators, 
three to four drops were necessary to give an equally dense 
cloud. 

(c) Taking forty cc. of a ten per cent. solution of sodium 
chloride, one drop of twentieth-normal silver nitrate gave a pre- 
cipitate as heavy as in the preceding case, when ammonia and 
iodide were added. In an equal amount, without the indicator, 
three drops were necessary to give a permanent cloud, and four 
or five to render it as heavy as with the indicator. 

(2) So also in forty cc. of a five per cent. solution of ammo- 
nium chloride, with ammonia and iodide, one drop of twentieth- 
normal silver nitrate gave a similar cloud; without the indica- 
tor, one drop gave a faint opalescence, two gave about the same 
effect as one gave with iodide present. 

Owing to the fact that no permanent precipitate is formed in 
presence of the slightest excess of alkaline cyanides, it was 
impossible to strictly compare the delicacy of the end-reaction 
with and without the iodide indicator. As the difference seemed 
to lie rather in the colors than in the solubilities of silver iodide 
and cyanide, it was thought that a comparison of the iodide and 
chloride might give approximately the same results. The fol- 
lowing tests were all made with fifty cc. of distilled water, in 
flasks of about 120 cc. capacity. 


Seri. 
Amounts present. Silver nitrate 

Sodium Potassium solution added. 

chloride, iodide. Ammonia. (Twentieth normal 

Gram. Gram. cc. from burette.) Effects of silver added. 
(a) oO. 0.1 3 I drop (0.035) Decided cloud. 
(6) o§ 0.1 oO rE ps Cloud, slightly less 

dense than in (a). 

(c) 0.1 0.0 oO r= Opalescence. 


Zz Cloud, as dense as (@). 





Sehceinenenaiaat tadiniemeeae 
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Set IT. 
Amounts present. Silver nitrate 
Sodium Potassium solution added. 
chloride. iodide. Ammonia. (One-hundredth normal 
Gram. Gram. Ce. from Mohr pipette.) Effects of silver added. 

(2) ©O.1 0.1 3 0. (ec; Slight opalescence. 

a2 Decided sa 

(6) o7 O.1 fe) Gras" Faint e 

ecar- ss Decided “ 

(c) o.I 0.0 oO or “ Very faint ‘‘ 

OG. -* Precipitate equal in 
opacity to (@) with 0.2 
eci 

Set IV. 

(a) o% 0.1 3 0.12 cc. Decided opalescence. 

(d) O.1 O.I oO o.2a*' - “ equal 
to (a). 

S66) “On 0.0 oO ro a Faint opalescence. 

0.29 to 0.35 cc. - " equal 
to (@). 

Set V. 

(@) oO. O.I 3 1 drop (0.04 cc.) Opalescence, slightly 
more than in (¢c) with 
one drop. 

ars Opalescence greatly in- 
creased, 

(6) o7 0.1 oO RS Opalescence less than 
(a) or (6) with one 
drop. 

7 ee Opalescence increased, 
much less than (a) but 
more than in (c) with 
second drop. 

a Opalescence equal to 
(a) with two drops. 

(6) ©. 0.0 oO Pou Opalescence. 

7 as very slightly 
increased. 

Ge * Opalescence almost 


equal to (@) with two 
drops. 
Set V7.—Identical with V, but made in reverse order. 
Sets II, III, and IV were carried out in diffused light on a 
rather dull day; sets V and VI on a bright day, the flasks 
being held momentarily in direct sunlight for comparison. As 
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the appearance varies slightly with time, Set V was repeated in 
reverse order (VI), but the results did not apparently differ. In 
sets V and VI the effect of time was closely noticed; after 
standing five minutes the precipitate in (a), at first practically 
equal to the others, was appreciably heavier ; after ten minutes 
that in (c) was evidently increasing ; after one and two hours 
that in (c) was by far the most dense, (4) next, and (a) some- 
what less dense than (4), proportionally to the amount of silver 
nitrate added to each. 

It seems remarkable that the addition of ammonia should 
increase the delicacy of the iodide precipitation of silver, but the 
results in all the last five sets of tests indicate that this isthe case, 
at least within a few minutes of the precipitation, the time when 
the sensitiveness of an end-reaction is of mostvalue. The addi- 
tion of ammonia has therefore the unexpected advantage of ren- 
dering the end still sharper than it is with potassium iodide alone, 
as well as of redissolving the temporary precipitates more rapidly 
than the cyanide does when nearing the end of titration, while the 
use of the simple iodide indicator is preferable to the ordinary 
‘* Liebig ’’ method, chiefly on account of the yellowish color of 
the silver precipitate, this being more readily visible than silver 
chloride or cyanide, either with a dark or light background. 


Lifect of Indicator in Presence of Considerable Proportions of Alka- 
line Ferrocyanides, Ferricyanides, Thiocyanates, and 
Thiosulphates. 


As the above salts in quantity caused some variation in the 
amounts of cyanide found by titration, the following tests were 
made with a very dilute (one hundredth-normal) solution of sil- 
ver nitrate, to ascertain the extent to which they dissolved silver 
iodide, and the readiness with which they themselves precipi- 
tated silver from the nitrate. 


Set V7I.—The volume of liquid was in each originally twenty- 
five cc., no cyanide being taken. 


Salt taken. NH,CNS. K,FeCy,. K,FeCyg. 
Grams of salt added (crystals) .....+..-++--+- 1.9 1.09 0.825 
Molecules ‘‘ sd wf hee Are KSeCEO eS 250.0 25-0 25.0 


ec. hundredth-normal silver nitrate required to precipitate : 
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(a) With one-tenth gram potassium iodide 


and three cc. ammonia as indicator -...... 0.85 0.75 0.4 
(6) Without indicator: «..<.scccese uted gue dtens J sic 1.0 about 
{ 10.0 0.5 
Equivalents of cyanogen corresponding to sil- 
ver used with iodide indicator...... seeees 0.17 0.15 0.08 
Molecules potassium cyanide to give same 
effect as one molecule of salt, with indi- 
; CAEOL< 6.0s cess eves eescevcveseeeeveccccesses 0.0007. 0.006 0.003 


Set V///,—Using one-tenth gram of crystallized sodium thio- 
sulphate (4 molecules) in twenty-five cc. water, no cyanide be- 
ing added. 











(a) (6) (c) (d) 
Indicator used....---+seee- none. OIgr. OL gr. ON gE 
NaCl. KI. KI-+3 cc. 
F cc. twentieth-normal silver NH,OH. 
' nitrate required to give over 10; 
a precipitate ........... (solution blackens.) 6.4 0.15 0.1 
Molecules potassium cya- 
nide to give same effect 
' as one molecule sodium 
thiosulphate ..-.-....-. ? 1.6 0.04 0.025 
“Molecules sodium thiosul- 
phate to give same effect 
as one molecule potas- 
sium cyanide «.---+++-- ? 0.625 27.0 40.0 


The use of ammonia and iodide as an indicator is therefore of 
great advantage in presence of thiocyanates and thiosulphates, 
but of only slight advantage in presence of ferrocyanides, and 
makes little difference with ferricyanides. 


SERIES 7.—EFFECT OF FIXED CAUSTIC ALKALI. 


Set /.—Using twenty cc. fifth-normal potassium cyanide solu- 
tion, five cc. ammonia and one-tenth gram potassium iodide : 


cc. of two per cent. solution of sodium hydrox- 


ide added vCeervrvet Tere Ce Tee Pe 0.0 50.0 100.0 
cc. of tenth-normal silver nitrate solution re- 
quired COcee Cocececoeses ceeceeeseeee Ceeeeee 19.7 19.7 19.7 


Further additions of 50 and too cc. of soda solution did not 
appreciably affect precipitate. 

Set //.—Using five cc. fifth-normal potassium cyanide, added 
to forty cc. water. 


1 Required 12.3 cc. of twentieth-normal. 
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Potassium hydroxide added ..-.-.---+eeeee+ eeeeeevece none 4 grams 
cc. twentieth-normal 
silver nitrate 
required. 


(a) By Liebig’s method, without indicator ...--..+..++86. 9.75 10.9 
(6) By Denigés’ method, with three cc. ammonia and one- 
tenth gram potassium i0dide.----- sees sseseeee cece eee 9.75 9.8 


A more extended series of comparisons is quoted by Denigés. 
SERIES 8.—EFFECTS OF VARIOUS SALTS. 


In these determinations the salts were either weighed out 
directly, dissolved and added, or were measured out from 
roughly standardized solutions. Approximately fifth-normal 
potassium cyanide solution was used, ten cc. being usually 
taken, with three or five cc. ammonia, and one-tenth gram 
potassium iodide as indicator. The approximate numbers of 
molecules of each salt, associated with twenty molecules of 
potassium cyanide, is given in column 3. The numbers of 
equivalents of cyanogen, given in columns 4 and 5, were taken 
as equal to the numbers of cc. of twentieth-normal silver nitrate 
consumed, those of column 4 being daily checked. 











> & 
u§ 5 
3 c 
° € vu 
: gs ; ‘ 
‘i 5 so ¥ bo 
v a aos o = 
. = 4 = = = 
wn = So uv = 
r=] ¥ ~ > “4 
— uv 5 uv id 
g 3 as s o 
Substance added. oO bs my Q Ae 
Sodium chloride........ 2.4 400.0 20.0 19.9 O.1 +0.5 
iy 66 wee eee 4.0 680.0 19.8 19.85 0.05 +0.25 
a aes oraleisiesace’s 4.0 680.0 19.8 19.8 0.0 0.0 
Sodium sulphate (cryst). 6.5 200.0 20.0 0.0 0.0 0.0 
Sodium carbonate (cryst) 1.43 50.0 20.05 20.1 0.05 +0.25 
Sodium carbonate (cryst. 
= 0.53 gram anhy- 
Crous) --+..e sere ones 1.43 50-0 20.05 20.0 0.05 —0.25 
Potassium nitrate....... 1.05 100.0 20.05 19.9 O-1§ §-—0:75 
ia oN Sisteteis ees 5.2 500.0 19.8 19.7 0.1 —0.5 
Ammonium chloride.... 1.2 220.0 20.0 19.8 0.2 —I.0 
st ms 1.8 330.0 19.8 19.8 0.0 0.0 
= se wee 3.0 550.0 19.8 19.8 0.0 0.0 
Disod. phosphate (cryst) 1.43 40.0 20:0 +£200' 0.2 1.0 
Disod. phosphate ( +o.5 
2 J 1 
gram NaOH)...... 1.43 40.0 20:0 20:0' ~=0.2 +7.0 


Microcosmic salt.--..... 4.2 200.0 20.0 19.8 0.2 —1I.0 





cenrmeae ce ema saan 











i es 
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Substance added 
Sodium sulphite (7H,O) 
Potassium chlorate...... 
Potassium dichromate 

(titrated immediate- 
ly iaielavaces Miata & weiss Beles 
Potassium dichromate 
(titrated after ten 
PSIIEEE) c0cs.asned sia 
Potassium dichromate 
(titrated after one 
MEE cc kiaw deo meeons 
Ammonium oxalate ---.. 


Sodium formate......... 
Acetic acid (glacial, neu- 
tralized by soda).... 
Citric acid (neutralized 
by soda).--+eesssees 
Tartaric acid (neutralized 


by soda)..--+.seee- ; 
Arsenious oxide (+excess 
IGP NIRE Wl a:0.u.0' o:e/nidace eas 


Arsenious oxide( +excess 
INAOUED ) o:5.< 0 2 0'c:5 0% oiniie 
Sodium arsenite (Na,H- 
AsO, anhydrous).--- 


Potassium antimonite --. 


Potassium stannate ----- 
Sodium plumbite (Pb 
0.105 grain) ---+-+-+- 
Sodium plumbite (Pb 
0.105 gram + excess 
NGOUED ) oct: c crea ee wees 
Sodium plumbite (Pb 
0.207 gram + excess 
INAQGHER Vi a eeséins-5:6:0'ere 
Sodium silicate.......... 
ORGS casi sce esas creas 
Barium chloride (cryst.) 
Calcium chloride(anhyd ) 
1 End not sharp. 


Grams. 


2.5 


0.125 


0.44 


0.132 
0.132 


I.O 


2.0 


1.85 
2.78 


8 Molecules. 
° 


I 
80.0 


15.0 


500.0 


140.0 


250.0 


10.0 


100.0 


75-0 
250.0 
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Pei 
os 5 
~ “3S = 
° of ‘ 
wn. nw pa 
oa 33 d ¥ 
ag cr 2 g 
S og am ) = 
Be ay | 7) 
—o 38 4 y 
a os ba vo 
cats He a Aa 
20.0 19.95 0.05 —0.25 
20.0 20.0 0.0 0.0 
20.0 20.1 O.I +0.5 
20.15 20.2 0.05 -+0.25 
20.15 19.85 0.30 —I.5 
20.0 20.0 0.0 0.0 
‘ f 20.0! 0.0 to 0.0 to 
0.0 < 
\ to 20.05 +0.05 +0.25 
20.0 19.9 0.1 —0.5 
20.0 20.0 0.0 0.0 
20.0 20.0 0.0 0.0 
20.0 20.1 O.1 +0.5 
20.0 20.15 0.15 -+0.75 
20.0 20.05 0.05 +0.25 
= f 19.8 0.5 +0.25 
9°. to 19.9 too.r to+o.5 
19.8 19.85 0.05 +0.25 
19.8 19.5 0.3 —1.5 
19.8 19.7 0.1 —O.5 
19.8 19.7 0.1 —0.5 
19.8 19.7! O.1 —0.5 
10.05 10.05 0.0 0.0 
19.8 19.75-19-85 +0.05 0.25 
20.0 19.95-20-05 0.05 0.25 
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HE: : 
Z Pha J bo 
2 Lb Es § 
Fs g Ss 5 Fy 
= = 35 = £ 
Substance added. ro) s Ze a & ! 
Potassium alum......... 2.8 60 ) 
(with sodium hydrox- > 20.0 19.95 0.05 —0.25 | 
id@) << ee eeee eoeeeeee + (0.32) (80) J | 
Chrome alum (with so- f 
dium hydrowide).--- 0.25 5.0 16.0 16.05 0.05 +0.3 
Chrome alum (with  so- 
dium hydroxide).--. 3.0 60.0 19.8 19.2 0.6 —3.0 
Magnesium sulphate 2.0 80.0 ) 
crystals, with r 20.05 20.1 0.05 -+0.25 
ammonium chloride. 0.36 66.0 ) ; 
Ammonium thiocyanate. 0.152 20.0 19.7 19.6 O.I —0.5 
‘s ee - 0.152 20.0 19.8 19.7 0.1 —0.5 
ee eS » 0.152 20.0 19.8 19.75 0.05 —0.25 
4. iL - 1.6 200.0 19.8 19.8 0.0 0.0 
ie = - 1.6 200.0 19.8 19.85 0.05 +0.25 | 
Potassium ferrocvanide.. 0.17 4.0 39-4 39-5 O.1 +0.25 
“ ” -- 2.18 50.0 19.8 19.9 0.1 +0.5 
- -- 2.18 50.0 19.8 19.9 O.1 +0.5 
és +» 2.18 50.0 10.05 10.15 O.I +1.0 
Potassium ferricyanide... 0.132 4.0 19.7 19.7 0.0 0.0 
Potassium ferricyanide 
(solution two weeks 
GL) so ssisa oie wieveieicueresre%s 0.658 20.0 20.15 19.2 0.95 —4.9 
Potassium ferricyanide ' 
Cl PEED seeee+ 0.658 20.0 20.15 20.0 0.15 —0.75 f 
Potassium ferricyanide 
(new with NaOH) . 0.658 2¢.0 20.15 19.6 0.55 —2.7 
to 19.9 t00.25 to—I.25 
Potassium ferricyanide 
(new with NaOH). 0.658 20.0 10.05 9.95 0.1 —1.0 
Sodium thiosulphate-... 0.25 10.0 20.1 20.95 0.85 +4.2 
Sodium thiosulphate--.- 0.5 20.0 20.1 21.8 17 +8.5 
Alcohol (50 cc., pure 50 
per Cent. )e-+seeeeeee oe cee 20.1 20.1 0.0 0.0 
Alcohol ( loo cc., commer- 
cial 50 per cent.)---- -- oe 20.1 20.3 0.2 +1.0 
Cane sugar .---++-+eee+5+ 5.0 see 19.8 19.8 0.0 0.0 
Sap = 0:09 00.0556 seiseieiss eee O25 vee 19.8'19.75-19.85 0.05 0.25 


It will be seen that relatively large proportions of salts were 


1 End not sharp. 
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added in most of the experiments quoted: numerous other ex- 
periments were made with smaller quantities, the effects of 
which were generally quite negligible. The effects of oxidizing 
agents, and of salts of metals forming double cyanides (gener- 
ally proportional to the amounts added), and of thiosulphates 
and sulphides, are given in other series. Nitrates generally 
give somewhat low results. Salts of aluminum, chromium, and 
magnesium interfered greatly unless kept in solution by fixed 
alkali or sal ammoniac respectively. With chromium the end- 
reaction can be clearly seen by looking through a thin layer of 
the green liquid at a white object. Calcium salts render the 
end indistinct by precipitating as carbonates ; this is partially 
remedied by sal ammoniac. Iron salts gave precipitates when 
added, and the results of subsequent titration were most irregu- 
lar; attempts were made to retain the iron in solution by addi- 
tion of organic acids, followed by excess of alkali; in some in- 
stances this was entirely successful, but generally the results 
were low and variable, and were not thought worth tabulating. 

The stannates and salts of their class were studied with a 
view to their possible use to prevent the interference of sul- 
phides ; they generally give somewhat high results, while those 
with plumbites are a trifle low. In presence of phosphates the 
end is somewhat uncertain, and similarly with large proportions 
of sodium carbonate and chloride; such solutions should be 
diluted and the silver solution added slowly. 

Moderate additions of thiocyanates gave slightly low results ; 
with very large amounts, results are normal or very slightly 
high. Ferrocyanides gave rather high results, the percentage 
error increasing fairly regularly with the ratio of ferrocyanide 
to simple cyanide. With ferricyanides the results were low, 
but irregularly low; additions of ammonia or fixed alkali 
seemed rather to increase the irregularity ; time affected the in- 
terference of ferricyanides, and the final precipitate increased 
greatly on standing. The interference of small proportions of 
the three last-mentioned salts,’ such as met in working solutions, 
would be ordinarily negligible. Their effect on the indicator is 
shown in series 6, set VII, that of thiosulphates in set VIII. 


1 For a discussion of the interference of these salts with the iodine and Liebig meth- 
ods of titration, see J. E. Clennell, Chem. News, 5, 72, 1882. 
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SERIES 9.—EFFECTS OF ZINC. 
The zinc was added in the form of a solution of the chloride, 
containing 0.0099 gram metal per cc. (1 cc. = 1.52 atoms 
zinc). 


The series of results, indicated in any vertical column, were 
obtained by adding ammonia (or, in some cases, sodium hydroxide 
orammonium chloride) in sufficient quantity to redissolvethe pre- 
cipitates formed, and then continuing the titration until a fur- 
ther precipitation occurred. 

Effect of Varying Zinc and Ammonia. 

Set /.—Using twenty cc. fifth-normal potassium cyanide solu- 

tion (containing 39.4 equivalents Cy), and one-tenth gram 


potassium iodide. 


Zinc added—grams 0.0 0.0198 0.0495 0.099 

Zinc added—atoms 0.0 3-04 7.6 15.2 
Ammonia added, 

ten times normal. cc. tenth-normal silver nitrate required. 
ce. (Mols.) * Diff. Diff. Diff. 
5 (500) 19.7 18.8 (0.9) 16.85 (2.85) 12.65 (7.05) 
10 ( 1000 ) 19.75 19.3 (0.45) 18.15 (1.6) 16.3 (3.45) 
15 (1500 ) 19.8 19.45 (0.35) ro.7> (1.0) E765 (2:25) 
20 (2000 ) 19.85 same 19.0 (0.85) 18.2 (1.65) 
25 (2500) 19.9 sees 19:2. (0.7) 18.6 (1.3) 
30 (3000 ) 19.95 sees same 18.8 (1.15) 
35 (3500 ) 20.0 eee eee 19.0 (1.0) 
40 (4000 ) 20.5 same 


Set //.—Using ten cc. fifth-normal potassium cyanide solution 
(containing 20.05 equivalent Cy), and one-tenth gram _ potas- 
sium iodide, adding 0.0297 gram zinc (4.56 atoms) ineach case. 


Ammonia added, ec. tenth-normal Differ- 
ten times normal. silver nitrate ence from 
ee. (Mols.) required. 10.03 
I (100) 1.15 (8.88) 
3 (300) 8.55 (1.48) 
5 (500 ) 9.0 (1.03) 
7 (700) 9.25 (0.78) 
9 (900 ) 9-5 (0.53) 
II (1100) 9.6 (0.43) 
II (1100) + 0.08 gram NaOH = 20 molecules 9.8 (0.23) 
II (1100) + 0.16 gram NaOH = 4o molecules 9-95 (0.08 ) 


Throughout the series of experiments with zinc and ammonia 
the precipitates (which appeared to consist of zinc cyanide) 


* Some of the numbers in this column were obtained by interpolation 
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redissolved on standing a short time; the titrations were there- 
fore performed by adding the silver nitrate solution drop by 
drop, increasing the interval to about a quarter of a minute as 
the 
volumes which gave a precipitate that was permanent for about 


ia 


end’’ approached ; the numbers given indicate the least 


a minute. 
Effects of Zinc in Presence of Ammonium Chloride and Ammonia. 


Set [/7.—Using ten cc. fifth-normal potassium cyanide solu- 
tion (containing 20.05 equivalents Cy), and one-tenth gram 
potassium iodide, adding 0.0297 gram zinc (4.56 atoms) in each 


case. 

Ammonia ad- Ammonium 

ded, ten times chloride 
normal. added, Diff. 
cc. (Mols.) Gms. (Mols.) cc. tenth-normal silver nitrate added. from 10.03. 
1 (100) 0.6 (110) 3.5 slight precipitate, redissolves slowly. (6.53) 
I (100) 0.6 (Ho) 4.0 ‘ e ™ a (6.03) 
I (100) 0.6 TIO) 5.0 “s a permanent two minutes.(5.03) 
(300) £2 (ago) ag is ne ns ‘© i654) 
5 (§00) 1.2 (220) 90 °° ” ia “ 1.03) 
7 (700) 1:52 (220) 9.3 i permanent. 0.73) 


A comparison of the last two tables shows that ammonium 
chloride has but little effect in preventing the interference of 
zinc compounds, as compared with ammonia, while caustic soda 
is far more effective than either. 

When little or no ammonia is added the number of equivalents 
of cyanogen, retained by one atom of zinc, approaches four, but 
never reaches it. The first additions of ammonia greatly reduce 
the ratio of cyanogen to zinc ; larger additions have a less pro- 
portionate effect, but gradually bring the cyanogen combined by 
the zinc to near zero. 


Effect of Zinc in Presence of Caustic Soda. 


Set. /V.—Using in each case twenty cc. fifth-normal potas- 
sium cyanide solution, with varying amounts of zinc chloride 
and varying amounts of four-tenths normal solution of caustic 
soda, adding to each five cc. ammonia and one-tenth gram 
potassium iodide. 
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Zn added—grams 0.0 0.198 0.0495 0.099 0.198 
Zn added—atoms 0.0 (3.0) (7.6) (15.2) (30.4) 


Sodium hy- 
droxide solu- 


tion added. cc. tenth-normal silver nitrate required. 

cc. (Mols.) Gms. Diff. Diff. Diff. Diff. 
oO fe) 19.8 18.85 (0.95) 16.9(2.9) 12.4(7.4) 0.0 (?) 
10 (40) 19.8 19.75 (0.05) 19.7(0.1) 17.5 (2.3) 8.85 (11.25) 
20 (80) 19.8 eee 19:8 (0:0) 19:5.(0.3) 15.0 (427) 
30 = (120) 19.8 eves oe 19.6 (0.2) 19.4 (0.4) 
40 (160) 19.8 tee tee see 19.6 (0.2) 


Additions of caustic soda, further than those indicated, failed 
to redissolve the end-precipitate. It is evident that the inter- 
ference of zinc is minimized when the number of molecules of 
caustic soda added exceeds four times the number of atoms of 
zinc present. 

SERIES 10.—EFFECT OF COPPER. 

Copper was added as a solution of the nitrate, containing 
0.005 gram metal per cc. (1 cc. = 0.79 atom copper); 0.1 gram 
potassium iodide was added in each case. 


Varying Copper and Ammonia. 


Set 7.—Using twenty cc. fifth-normal potassium cyanide solu- 
tion containing 39.6 equivalents of cyanogen. 


Copper added—grams o 0.025 0.05 0.075 
Copper added—atoms o 3-95 7.9 11.85 
Ammonia added 

ten times normal. cc. tenth-normal silver nitrate required. 

ce. (Mols.) Gms. Diff. iff. Diff. 
5 (500) 19.8 3.0 (6.8) 6.2 (13.6) 1.2 (18.6) 
IO ( 1000 ) 19.85 3.2 (6.65) 6.55 (13-3) 1.2 (18.65) 
15 (1500) 19.9 13.3 (6.6) 6.8 (13.1) 2:2 39-9) 
20 (2000 ) 19.95 13.4 (6.55) 7.05 (12.9) 2.65 (17.3) 
25 (2500) 20.0 same 7.25 (12:75) 2:85 (57215) 
30 (3000 ) 20.05 same 3-15 (16.9) 


Equivalents of cyanogen coim- 
bined by one atomof copper 3.43 to 3.3, 3.43 t0 3.22, 3.18 to 2.85. 


Time affected results somewhat; the precipitates slowly 
cleared. 

Effect of Copper in the Presence of Caustic Soda. 

Set //.—Using twenty cc. of fifth-normal potassium cyanide 
solution (containing 39.6 equivalents Cy), with five cc. ammo- 
nia and one-tenth gram potassium iodide, adding 0.05 gram 
copper as nitrate (7.9 atoms copper). 
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Sodium hydroxide added. cc. tenth-normal silver nitrate required. Diff. 
none 6.2 (13.6) 
0.32 gram (80 mols.) 6.3 to 6.35 (13-5) 


A temporary black precipitate formed on each addition of sil- 
ver solution, rendering the end rather indistinct. 
SERIES II.—EFFECT OF CADMIUM, VARYING CADMIUM AND AM- 
MONIA. 


Cadmium was added as a solution of the nitrate, containing 
0.03 gram metal per cubic centimeter (1 cc. = about 2.6 atoms 





cadmium). 
Ten cc. fifth-normal potassium cyanide solution were used in 


each case, with one-tenth gram potassium iodide. 


Cadmium added—gramis o 0.06 0.12 0.12" 0.3 
Cadmium added—atoms o 5-2 10.0 10.0 26.0 


Ammonia added 


ten times normal cc. tenth-normal silver nitrate required. 
; ef 


ce. (Mols.) Gms. Diff. Diff. Diff. Diff. 
3 (300 ) 10.05 7-4 (2.65) - 7.0 (3.05) 

4 (400) 10.05 8.4 (1.65) ar 5-5 (4.55) 
6 (600) 10.05 8.6 (1.35) g.0 (1.05) 9.3 (0.75) 7-35 (2.70) 
8 (800) 10.05 8.0 (2.05) 
10 (1000 ) 10.05 SF (548) 
14 (1400) 10.05 9.0 (1.05) 
18 (1800 ) 10.05 9-5 (0.55) 


The end-point was very indefinite in presence of cadmium; 
neither ammonium hydroxide nor the chloride affected the irreg- 
ularity of the final precipitates, which sometimes slowly cleared 
and at other times greatly increased on standing. In several 
other experiments, with smaller amounts of cadmium, the inter- 
ference was practically avoided by a considerable addition of 
ammonia. Caustic soda was without effect. 

SERIES I2.—INTERFERENCE OF VARIOUS METALS FORMING 
SOLUBLE DOUBLE CYANIDES. 


»y titration. 


Metal 





Equivalents KCy 


Atoms metal 


added. 





Gold—as HAuCl,Aq 0.914> 25.0 21.1 
as KAuCl,Aq 0.914 25.0 21.3 
as HAuCl,Aq-.........- 0.09 4-57. 39-4 20.6 


* Ammonium chloride (0.33 gram = 60 mols.) was added in this case. 
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as 


as 


Metal. 


CoCl,Aq, titrated 


after one hour. 
as CoCl,Aq, titrated im- 
mediately ..... 
as CoCl,Aq, titrated im- 
mediately -..-- 
as CoCl,Aq + 0.5 gram 


NaOH, titrated im- 


mediately ..... 
as CoCl,Aq+ 0.32 gram 


NaOH, titrated after 


five hours........- 
as CoCl,Aq+o0.16 gram 
NaOH, titrated after 


RV HOUTG $00.05 cince's 

CoCl,Aq + ten cc. 
ammonia, titrated 
after five hours .... 


m metal 









Gold—as HAuCl,Aq----+-----++ 0.18 
as HAuCl,Aq...--+---e- 0.025 
as HAuCl,Aq.-...---+e-. 0.02 
as HAuCl,Aq--.---+----- 0.04 
as HAuCl,Aq...---...-- 0.07 
as HAuCl, large excess 
NaOH « cccccccccccces 0.02 
as metal ‘‘leaf’’...-..... 0.030 
ee RP ete Gh ghia 0.05826 
=  §«6—rmaticcnae ate 0.07715 
Mercury--as HgCl,Aq-.----..-- 0.1 
as Hg(NO,),Aq----- 0.05 
as Hg(NO,),Aq----++ O.1 
as HgCl,Aq--------- 0.4 
as HgCl,Aq + excess 
NaOH aisicscsuese's 0.4 
Nickel—as NiSO,Aq.....+---- 0.0396 
as NiSO,Aq---++++ eee 0.0396 
as NiSOQ,Aq--eeeeeeee 0.0198 
as NiSO,+excessNaOH 0.0198 
Cobalt—as CoClAg «+--+ .eeee- 0.105 


0.0315 


0.0315 


0.042 


0.042 


- 0.042 


0.042 


0.042 


on 


on 


“I 


Atoms metal 


added. 


Ww WwW 


WILLIAM J. SHARWOOD. 





40.0 
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50.0 


50.0 


found by titration. 


Equivalents Cy 
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> = 
a Bg iS} 
Y of ake) 
os a) On. 
E is 2 
Metal 5 vd = 
= a6 
oa vas 
‘30 Yao 
od SLs 
Cobalt-—as CoCl,Aq alone, titra- 
ted after five hours-- 0.042 7.35 50:0 16:5 394.5 4.68 
Platinum—as H,PtCl,.--....-. 0.06 ao 19.8 19.4 0.4 0.13 
as H,PtCl,--------- 0.125 6.4 39-4 38.6 0.8 0.125 
as H,PtCl, + excess 
NaOH..---+eeee- 0.12 6.2 19.8 19.2 0.6 0.10 
Silver—as nitrate (standard).. 2.0 
as AgCl..-+.seseeeeeee 0.06475 6.0 20.1 8.1 12.0 2.0 
as AgC]....eeceeeees 0.06475 6.0 20.1 8.05 I1.95 1.992 
as Ag] ..-seeseeeee sees 0.06475 6.0 20.1 8.15 12.05 2.008 
AS AGT «06000 wvcccecees 0.06475 6.0 20.4 SI 12.0 2.0 
aS AGBreccecsccceccees 0.05385 5.0 20.1 I0.I 10.0 2.0 
as Ag,S dissolved in 
TINO, «ccc ces ++++ 0.05385 5.0 20.I 10.2 9.9 1.98 
Manganese—as MnCl,+NH,Cl1 0.0242 4.39 19.9 17.0 2.9 0.66 
as MnCl,+NH,Cl 0.0122 2.2 19.9 18.25 1.65 0.75 
as MnCl,+NH,Cl 0.0122 2.2 19.9 18.7 1.2 0.55 
Copper-—series TO a dca nica e aris aa wee as about 3.43 
—with excess ammonia. .---- .- +++ ++ approaches 3.0 
ZinC—SETIES Q +++ sscceececccece oar ate aes ies under 4.0 
—with excess NaOH...... cavers oe ers -. approaches 0.0 
Cadmium—series II, varies---. ---- a Ete ee mes 0.5 
—withexcessammonia .---- wa oe -- approaches 0.0 


Upon standing the final precipitates of silver iodide increased 
greatly in presence of cobalt, manganese, platinum, and auric 
compounds: with zinc and copper the tendency was in the re- 
verse direction. 





SERIES 13. EFFECTS OF OXIDIZING AGENTS. 


Set J.—These oxidizing solutions were standardized immedi- 
ately before use by standard thiosulphate, or permanganate, or 
by both methods. Measured volumes were then added to ten 
ce. lots of fifth-normal potassium cyanide solution, which were 
then titrated with twentieth-norial silver nitrate, using three to 
five cc. ammonia and one-tenth gram potassium iodide as 
indicator. 





% 
Oxidizing agent. < 
E 
° 
Iodine (dissolved in KI). 0.051 
i SS) OS: OREO? 
* a $e OE: iROR 
“x os $e S* -Osg06) 
" iy tn eas 
es - in KOH 0.356 
Bromine (water solution) 0.039 
- “ ss 0.196 
ae 
> ee err 0.196 
Chlorine (water solution) 0.0275 
ws - SS 0.055 
Chlorine (active chlorine 
in bleaching powder). 0.0542 
Chlorine (active chlorine 
in bleaching powder). 0.1085 


Oxygen (available oxygen 
in twenty cc. hydrogen 
peroxide)......+.+.6. 

Oxygen (available oxygen 
in seventy-five cc. hy- 
drogen peroxide)..--- 

Oxygen (available oxygen 
in 0.11 gram sodium 
peroxide)..-.+..+++- 

Oxygen (available oxygen 
in 0.38 gram sodium 
peroxide left two 
Hours) -ccccecces ccs 

Oxygen (available oxygen 
in fifty cc. saturated 
solution of barium 
peroxide) 

Oxygen (available oxygen 
in 100 cc saturated so- 
lution of barium per- 
OXIde) ---cccccccccces 


WILLIAM J. 
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24.0 
20.0 
27:2 

4-9 
24.5 
24.5 
15.6 
15.3 


30.6 


6.5 


4.7 


3.1 


SHARWOOD. 


Equivalents of 
KCy taken. 


19.8 


19.8 


19.8 


19.8 


19.8 


19. 
19.8 to Ig. 


on. 


‘quivalents of Cy 


found by titrati 


Ww 
oo 
° 


15.95 
12.05 


7:95 
0.3 
g.1 
17:5 
7-75 
8.4 
16.05 
122 


12.4 


19.7 


19.4 


19.8 


19.8 


8 


equiv- 
Cy oxi- 


Difference(= 
alents of 


SN Q oH 
“I 0 ; 
nan = 


idized). 


11.85 
9.65 
10.9 
2.3 
12.05 
11.4 
3-75 
7-4 


14.85 


0.3 


0.0 





Yas y 
oxidized by one 


- 
= 
oa 


© Kqvivalents of C 


0.015 


0.012 


0.0 


0.0 


85 to0.05 to0.016 


In the case of iodine, bromine, and chlorine (whether free 


or in bleaching powder), the proportion of cyanide oxidized evi- 
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dently approaches that corresponding to the well known equa- 
tion : 
2R+ KCy = KR-+ RCy, 

and more closely as the proportion of halogen to cyanogen 
increases. ‘The variation from five-tenths in the values in the 
last column may be due to the action of the ammonia added as 
indicator. The active chlorine in the bleaching powder was 
determined from the iodine it liberated from potassium iodide in 
presence of free hydrochloric acid ; in neutral solutions it only 
liberated about one-twelfth as much iodine; but its effect on 
cyanide in alkaline solution corresponds to the full value of the 
chlorine set free by acid. 

The slight effect of potassium nitrate, and of dichromate, on 
long standing (see series 8), may be due to oxidation; potas- 
sium chlorate was without observable effect. 


Permanganates. 


Set /7.—A number of experiments were made with perman- 
ganates, to ascertain the extent to which they oxidized cyanide. 
The first effect of adding potassium permanganate is to turn the 
cyanide solution blue, then green and brown, a precipitate 
(manganese dioxide) falling. The precipitated oxide made it 
difficult to observe the end of titration; this was remedied to 
some extent by adding ammonium chloride. The results varied 
irregularly with time. 

The following tests were made with ten cc. tenth-normal 
potassium cyanide solution, cyanogen being determined after 
addition of small amounts of 0.0925 normal potassium permanga- 
nate solution. 


(a) (4) (c) (d) 
Potassium permanganate added—cc....... 0.0 4.0 4.0 10.0 
oe * ie gram---- 0.0 0.01168 0.01168 0.0292 
s as “i molecule 0.0 0.74 0.74 1.85 
Atoms oxygen liberated if reduced to MnO 0.0 1.85 1.85 4.63 
“ “ i ee = toMnO, 0.0 I.II I.II 2.77 
Time of contact before titration—minutes. «.. 15.0 30.0 30.0 
Equivalents cyanogen found by titration-. 19.8 18.9 18.55 15.8 
Difference from (a) =equivalents Cy oxi- 
GiZEd .- 22 ceccceccccce cece ccesccccces + 0.0 09 1.35 4.0 


With larger additions of permanganate it was impossible to 
observe the end-reaction. 
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From the results shown in series 12 and 13 it is evident that 
there is a close approximation to constancy in the number of 
equivalents of cyanogen combined or oxidized by each atom or 
molecule of some of the interferents. Evidently also, if the con- 
ditions can be so adjusted as to secure absolute constancy in the 
amount of cyanide combined or decomposed by a unit of inter- 
ferent, a method is obtained for the volumetric estimation of this 
interferent by titrating with silver nitrate two equal quantities of 
potassium cyanide, to one of which the interferent has been 
added. Such is the basis of Denigés’ method of estimating sil- 
ver. The improved method for nickel, published by Thomas 
Moore,' is an application of the same principle. 

SERIES I14.—EFFECT OF THIOSULPHATES. 

Previous experiments had shown, as had been expected, that 
the addition of a thiosulphate increased the amount of silver 
nitrate required in a given estimation. In the following series 
of tests potassium cyanide solution was treated with various 
quantities of sodium thiosulphate, and then cyanogen was esti- 
mated by tenth-normal silver nitrate, using five cc. ammoniaand 
one-tenth gram potassium iodide as indicator. 

The sodium thiosulphate solution used in I and II contained 
0.0415 gram of the crystals per cubic centimeter (1 cc. = 1.66 
molecules sodium thiosulphate), that used in III and IV o.o1 
gram per cc. (1 cc. = 0.4 molecule). 

Set .—Twenty-five cc. fifth-normal potassium cyanide solu- 
tion titrated with tenth-normal silver nitrate solution. 


su 






Sodium thiosulphate added. 





erence fron 





o 

ob 

# Q 

= eS 

3 w, ‘ a 

£ g GSE g 

=| <= Qo, ] a 

bal es al =a Me 

O a A Bona _ 
0.0 0.0 0.0 see eee 
0.207 8.3 1.20 0.145 6.91 
0.415 16.6 2.5 0.15 6.64 
0.83 34.2 4.8 0.144 6.91 
1.04 41.6 6.2 0.149 6.71 
1.275 50.0 aa 0.144 6.95 
1.48 58.3 8.0 0.137 7.30 


1 Chem, News, 72, 








ESTIMATION OF CYANOGEN. 427 


Set //.— Twenty ce. fifth-normal potassium cyanide solution 
titrated with tenth-normal silver nitrate solution. 





Sodium thiosulphate added. 





o e 2 
a £ g 
w = ~ = 
~ zy = ~ 
vw) = S u se 
s 3 § v “s 
t= v = 7) ° 
& iC _ 3° 
o a es = A 
0.0 0.0 39. oO. ee 
0.415 16.6 4! a 8.3 
0.830 33-3 43- 4. 7-95 
1.245 50.0 46.2 6.6 0.532 7.32 
1.660 66.6 48.6 9.0 0.135 7.4 
2.075 83.3 51.0 II.4 0.137 7.3 


Set ///.—Ten cc. fifth-normal potassium cyanide solution ti- 
trated with twentieth-normal silver nitrate solution. 


0.0 0.5 20.1 0.0 see 
0.125 5.0 20.55 0.45 0.09 II.I 
0.25 10.0 20.95 0.85 0.085 11.7 
0.375 15.0 21.4 1.30 0.087 11.55 
0.5 20.0 21.8 1.70 0.085 11.76 
0.75 30.0 22.6 2.50 0.083 12.0 
1.0 40.0 23.5 3.45 0.086 II.9 


Set JV.—Five cc. fifth-normal potassium cyanide solution 
titrated with twentieth-normal silver nitrate solution. 


0.0 0.0 10.05 0.0 

0.125 5.0 10.55 0.5 O.I 10.0 
0.25 10.0 10.85 0.8 0.08 12.0 
0.375 15.0 11.15 EI 0.073 13.0 
0.5 20.0 11.45 1.4 0.07 14.0 
0.75 30.0 12.1 2.05 0.068 15.0 
1.0 40.0 13.05 3.0 0.075 13.3 


Set V.—In these tests small amounts of potassium cyanide 
vere treated with larger proportions of thiosulphate, and titra- 
ted with twentieth-normal silver nitrate, using as indicator one- 
tenth gram potassium iodide and five cc. ammonia. 


(a.) (8.) (c.) (d.) (e.) 
Sodium thiosulphate added, grams... 0.1 0.415 0.5 1.25 1.25 
+ is ‘« molecules 4.0 16.6 20.0 50.0 50.0 
Equivalents of KCy taken.....-+...+-- 0.0 0.0 2.0 2.0 20.0 


Equivalents of cyanogen indicated by 


0.6 2.8 % 22.75 


ies) 


CUE PARTIED iit /oa eden accede oaaeualaen O.I 
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(a.) (6) (c.) (d.) (é.) 
Difference = excess of cyanogen indi- 


ee ER EE eS aE EE ox 0.6 0.8 23 2.75 
No. of equivalents cyanogen equal in 
effect to one molecule Na,S,O,....-- 0.025 0.036 0.04 0.026 0.055 


Number of molecules Na,S,O, equal in 
effect to one equivalent cyanogen-- 40.0 27.0 25:0 38.5 Iz 
Set V/.—Varying the indicator—potassium iodide—in pres- 
ence of thiosulphate, using in each case five cc. fifth-normal 
potassium cyanide solution and three cc. ammonia ; volume fifty 
ce. 


(a.) (6.) (c.) (d.) 
Sodium thiosulphate added, grams.--. o 0.25 0.25 0.25 
% a ‘* molecules o 10.0 10.0 10.0 
Potassium iodide used, grams .-...--- 0.1 O.I 0.5 1.0 
Equivalents cyanogen indicated by 
SCR AIIISEE) yng 6) s:b1 Gar boat ipra ae ieee es 10.05 11.45 II.o 10.75 
Error in cyanogen indicated..-.......- sree 1.4 0.95 0.7 


The end reaction is rendered somewhat indistinct by thiosul- 
phates, and an appreciable error is introduced by 0.01 gram of 
sodium thiosulphate. Fora given amount the actual error in 
estimating cyanogen increases, the percentage error decreases, 
with the proportion of cyanide. 

The error is far less with the iodide indicator than without it 
(see series 6, VIII); a large increase in the amount of iodide 
added decreases the error somewhat further. When the propor- 
tion of thiosulphate is small, titration gives an excess of about 
one equivalent of cyanogen for seven molecules sodium thiosul- 
phate (or one milligram for sixty milligrams crystallized sodium 
thiosulphate). With relatively large amounts of thiosulphate 
the error introduced per molecule is less, with a large excess 
about one equivalent cyanogen for thirty-five or forty of thiosul- 
phate. 

No satisfactory remedy was found ; various oxidizing agents 
were tried. 

SERIES I5.—EFFECT OF SULPHIDES. 


Hydrogen sulphide (a saturated water solution) and alkaline 
sulphides, were added to potassium cyanide in various propor- 
tions: on titrating with silver nitrate by the method of Denigés 
the dark precipitate of silver sulphide invariably appeared be- 
fore the end was reached, gradually redissolving at first, but be- 
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coming permanent before the silver added corresponded to the 
whole of the cyanogen present, except when the amounts of sul- 
phide were trifling. The device recommended by MacArthur 
and by Denigés, of precipitating by an alkaline plumbite or its 
equivalent, was tested and found to work well, except with 
large proportions of sulphide when slight errors are introduced. 
It is advisable to use as slight an excess of lead as possible 
(see effect of lead plumbite, in series 8). It appears to 
make no difference whether the lead be added as plumbite, or 
as nitrate following an excess of caustic alkali, provided a suffi- 
cient excess of alkali be added. The filtering off of the precipi- 
tated lead sulphide is an inconvenience: attempts were made to 
titrate directly, without filtering off this precipitate, which set- 
tles rapidly and affords a good background for observing the 
end-reaction. 


TITRATION IN PRESENCE OF SULPHIDES. 
Adding Sodium Plumbite without Filtering off the Lead Sulphide. 


Set 7.—Using in each case twenty cc. fifth-normal potassium 
cyanide, titrating with tenth-normal silver nitrate, after addition 
of five cc. ammonia and one-tenth gram potassium iodide. 


Saturated fiftieth-normal hydrogen sulphide 


Wate? GACEG. CO siscccncccs veisevcencueeas fe) fe) 10.0 10.0 
Lead added (as sodium plumbite + excess 

NaOH) QTAMS eevee cerececccceccccecces re) 0.05 0.05 0.05 
Tenth-normal silver nitrate solution re- 

QUIred, CC r rece eeeeeececeeeesecenceeces 19.8 19.7 20.7 20.8 
Equivalents of cyanogen indicated......-- 39-6 39.4 41.4 41.6 


Under these conditions high results were always obtained. 
Moreover, in presence of the precipitated lead sulphide, the cloud 
of precipitated silver iodide cleared in about a minute, reappear- 
ing on increasing the silver nitrate to 21.7 cc., again clearing 
and reappearing permanently with 22.1 cc. Hence the appar- 
ent amount of cyanogen, found by titrating to a permanent pre- 
cipitate without filtering off lead sulphide, might be 44.2 equiv- 
alents instead of an actual 39.6, an excess of over ten per cent. 


Adding Sodium Plumbite and Filtering off the Precipitate Formed. 


Set [7.—Twenty cc. of fifth-normal potassium cyanide solution 
were treated with six cc. of hydrogen sulphide water: sodium 
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plumbite was added, the whole was transferred to a cylinder, 

shaken well, allowed to settle; twenty cc. of the clear liquid 

were removed by a pipette and treated as in the previous case. 
cc. tenth-normal silver nitrate required: 7.90 (for two-fifths 


of the whole). 


== S99: 


Nin 
| 
1 


Equivalents of cyanogen indicated: 7.9 X 2 X 


instead of 39.7. 

A similar test at another time gave 44.0 equivalents cyanogen 
instead of 44.6. 

Attempts were made to retain the sulphur in solution as a 
thio-salt, by the addition of alkaline arsenites, stannates, and 
antimonites ; these all failed, the liquid becoming dark-colored as 
the amount of uncombined potassium cyanide decreased with the 
progress of titration; though the actual precipitation of silver 
sulphide seemed to be preventabie. The added salts were them- 
selves found to interfere somewhat. 

Various oxidizing agents were experimented with, but all that 
affected alkaline sulphides appeared to decompose potassium 
cyanide itself, either directly, or by liberating sulphur, which 
slowly dissolved with formation of thiocyanate. The halogens 
readily oxidized sulphides; the peroxides of hydrogen and alka- 
lies were slow and incomplete in action. 

A promising method for the removal of sulphide was based on 
the fact that a weak solution of iodine precipitates sulphur from 
alkaline sulphides, this redissolving in a minute or two to form 
thiocyanate. As the direct decomposition of potassium cyanide 
by iodine under these conditions approximates to the reaction : 

2I + KCy = KI + ICy. 
and with potassium sulphide and cyanide together : 

(1) 21 + K,S = 2KI+ §; and 

(2) S + KCy = KCNS, 
so that two atoms of iodine in either case decompose one mole- 
cule of cyanide, it seemed probable that the interference of small 
quantities of sulphide could be corrected by adding a constant 
amount (a slight excess) of a weak iodine solution, and intro- 
ducing a correction for the amount of added iodine, which cor- 
rection should be independent of the amount of sulphide ox1- 
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dized. A number of preliminary experiments confirmed this, 
subsequent titration with silver nitrate giving, with the correc- 
tion, quite accurate determinations of the cyanide taken, when 
the amount of sulphide was small and other reducing agents were 
absent; with larger proportions of sulphide an appreciable 
error was introduced, the extent and variation of which were 
not determined. 
Oxidation of the Sulphide by lodine. 

Set [/7.—Small quantities of a freshly prepared solution of 
potassium sulphide (fiftieth-normal, so that 1 cc.=0.00032 gram 
sulphur) were added to portions of fifth-normal potassium cyan- 
ide solution, then a weak solution of iodine in potassium iodide 
solution (1 cc. = 0.0015 gram iodine) was added to oxidize the 





sulphide, and cyanogen was estimated as usual. 


TO ASCERTAIN THE CORRECTION FOR IODINE ADDED. 


(a) (4) (c) (d) 

cc. fifth-normal potassium cyanide taken--- 5.0 5.0 10.0 10.0 
cc. iodine solution added..--......seeeee- ++ 0.0 30.0 0.0 15.0 
cc. twentieth-normal silver nitrate required- 10.05 8.15 20.15 19.2 
Correction to be added for iodine..-.--..--+- ne a: sistera 0.95 
for 30 cc. for I5 cc. 


USE OF CORRECTION IN PRESENCE OF SULPHIDES. 


(e) (s) (g) (A) (z) (2) (m) 
ce. fifth-normal potassium 
cyanide solutiontaken 10.0 10.0 10.0 10.0 10.0 5.0 5.0 
cc. fiftieth-normal potas- 
sium sulphide solution 
BAGG: cieawevicwensse o> 0.5 1.0 2.0 2.0 5.0 0.5 5.0 
Milligrams sulphur added 
as potassium sulphide 0.15 0.32 0.64 0.64 1.6 0:16" 5.6 


cc. iodine solution used-- 15.0 15.0 15.0 15.0 15.0 30.0 30.0 
cc. twentieth-normal sil- 
ver nitrate required to 


precipitate ---.--.+-.. [o:2 19.2 19:2) <Iqei5 «<q 8.15 8.35 
Correction for iodine...... 0.95 0.95 0.95 0.95 «+. 1.9 1.9 
Equivalents of cyanogen 

found ....--seeeeeee 20.15 20.15 20.15 20.10 +--+ 10.05 10.25 
EGON ar aiel tara gages nace aaa e 0.0 0.0 0.0 —0.05 --- 0.0 +0.2 


In (£) the iodine added was insufficient to oxidize all the sul- 
phide, in (7) an appreciable amount of sulphur separated and 
did not redissolve, thus introducing an essential error, and also 
slightly obscuring the end-reaction; this was observed in other 
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experiments with larger proportions of sulphides; in other 
experiments with smaller amounts than above no error was 
observed. 

There seems to be no objection to the use of iodine for remov- 
ing small quantities of sulphide, provided other reducing agents 
are absent. This avoids the filtration necessitated by the use of 
alkaline plumbites ; when larger proportions of sulphides make 
it advisable to use lead, it should be added in very slight excess, 
and a fairly large excess of alkali should be added with it. 


ESTIMATION OF CYANOGEN IN ALKALINE CYANIDES: 
PROCEDURE. 

To the solution, in which cyanogen is to be determined, add 
five cc. commercial ammonia water and two cc. of a five per 
cent. solution of potassium iodide; titrate in the cold with dilute 
standard silver nitrate till a faint permanent cloud forms. This 
is best seen by using a thin flask with a dark back-ground. 

This quantity of ammonia is suitable for titrating 25 to 100 cc. 
of solution ; for rapid approximate work, where ten cc. of sam- 
ple is usually taken, one cc. each of ammonia and iodide solu- 
tion will be sufficient. 

The two indicators may be conveniently combined in one so- 
lution. If sufficient ammonia is already present, no more should 
be added; if a great deal is present a larger addition of iodide 
(say one gram) will reduce error. Thiosulphates will cause 
some error, also partially remedied by addition of more iodide. 

In presence of se/phides in small amount, replace the potassium 
iodide by five or ten cc. of asolution of about one-half gram iodine 
and two or three gramis potassium iodide in 100cc. of water, allow 
to stand five minutes, then add ammonia andtitrate. To the re- 
sult add a correction, which is the difference between parallel 
tests (i) on some pure dilute potassium cyanide solution, (ii) on 
an equal amount of potassium cyanide A/us five or ten cc. of 
iodine solution. 

If the amount of sulphide is large, or if other reducing agents 
are also present, take twice the usual volume of solution, add 
some soda, then sodium plumbite in very slight excess, shake 
well, make up to a definite volume, filter, and use one-half the 
clear filtrate for titration, rejecting the first few cubic centime- 
ters filtered. 
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In presence of zinc add a considerable excess of sodium or 
potassium hydroxide and proceed as above ; test the end precip- 
itate with more alkali (if it dissolves add more alkali and con- 
tinue titration); if insoluble, the cyanogen found represents that 
contained in potassium zinc cyanide as well as ‘alll ctascium 
cyanide. a 

The free potassium cyanide can be accurately determined by 
acidulating another portion of the solution with hydt@chloric acid, 
evaporating till all hydrocyanic acid is expelled, estfmating zinc 
by standard ferrocyanide, and subtracting ‘four equivalents iad 
anogen or potassium cyanide for each atom of zinc found (or for.” 
one milligram zinc subtract one and six-tenths milligram cyanogen 
or four milligrams potassium cyanide. The free potassium cy- 
anide may be more rapidly and roughly determined by adding 
first a few drops of a five per cent. solution of potassium ferrocy- 
anide, and titrating directly withsilver nitrate until a faint floc- 
culent precipitate forms (using a cc. ); then tothe same portion add- 
ing ammonia, potassium iodide, and soda, and titrating /ofa/ cyano- 
gen (using 4cc. altogether). The valuea minusa correction indi- 
cates cyanogen in free or ‘‘available’’ potassium cyanide : and (6— 
a) plus the same correction indicates that in double zine cyanide, 
the error and correction is increased if free caustic alkali were 
originally present, and varies slightly with the time occupied in 
titrating. According to Bettel a— 0.086 (6—a) represents the 
cyanogen ‘‘ available,’’ and (6— a) 0.921 gives that in the 
double cyanide, ¢//ree alkali were originally absent. 

In presence of small amounts of copper the cyanogen com- 
bined as double copper cyanide is very approximately calculated 
by allowing three to four equivalents cyanogen for one atom of 
copper; the copper being readily estimated colorimetrically by 
ammonia after expelling hydrocyanic acid with nitric or sul- 
phuric acid. 

In presence of calcium, magnesium, or manganese, add am- 
monium chloride; in presence of aluminum or lead add caustic 
alkali. 

The quantities of gold, silver, and other interfering substan- 
ces in working solutions are almost always too small to affect 
the results appreciably ; if present in larger proportions, or if 
bromine or other oxidizers have been added, the amounts of cy- 
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anogen held by them can be determined approximately from the 
data in series 12 and 13. 

Generally, with impure solutions, the results of titration by 
this method are more accurate than those obtained by the ordi- 
nary Liebig method; with pure solutions the results are practic- 
ally identical, and in nearly all cases the end-reaction is sharper 
and an estimation can be more rapidly carried out. 

108 grams silver, or 170 grams silver nitrate correspond to 
52 grams cyanogen or 130 grams potassium cyanide. 

The standard silver solution used may be, with advantage, 
quite dilute ; preferably not over twentieth normal, or one-half 
per cent. silver. 

For technical purposes it is common to take 1.305 grams sil- 
ver nitrate crystals per 100 cc. of water, when each cc. corre- 
sponds to one centigram of potassium cyanide (or four milli- 
grams of cyanogen) ; or, taking samples of ten cc. each, one ce. 
of standard silver solution used represents one-tenth of one per 
cent. potassium cyanide in the liquid tested. 

If prepared by dissolving the weighed metal it is not generally 
necessary to expel all acid. Satisfactory results have also been 
obtained by using a standard ammoniacal silver solution, made 
by dissolving pure silver in commercial nitric acid, and adding 
a slight excess of ammonia. 


QUALITATIVE SEPARATIONS WITH SODIUS1 NITRITE IN 
ABSENCE OF PHOSPHATES, ETC.’ 
By GILLETT WYNKOOP. 
Received March 8, 1897. 

F a solution of sodium nitrite be added toa solution of ferrous 
| sulphate, the ferrous sulphate solution at first turns a deep 
brown, and in a short time a greenish brown flocculent precipi- 
tate forms, which gradually changes to a fine yellow precipitate, 
and at the same time a copious evolution of nitrous fumes takes 
place. If there is a small amount of free acid present in the fer- 
rous sulphate solution, the yellow precipitate occurs almost 
immediately, and more rapidly still if heated. 

A. Peccini and M. Zuco’ obtained a precipitate similar to 
this, but used barium nitrite instead of sodium nitrite. Barium 


1 Read at the meeting of the New York Section, March 5, 1897. 
27. Chem. Soc., §0, 448. 
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sulphate was the first pecipitated, and the liquid turned brown. 
Finally an ochre-colored powder separated accompanied by an 
evolution of nitric oxide. From a quantitative determination of 
the nitric oxide evolved, the authors considered the precipitate 
to be a basic ferric nitrate. However, in my investigation, no 
test has been found for the nitric acidin the precipitate when 
precipitated with sodium nitrite. 

If a ferric salt be used instead of a ferrous, as ferric chloride, 
the solution at first turns deep red, and evolution of nitrous 
fumes occurs almost immediately, with the formation of a dark 
brown precipitate. As with the ferrous sulphate, a small 
amount of free acid and heat aids the precipitation. If treated 
in this way the iron will be completely precipitated in a few 
minutes, and when the heat is withdrawn, the precipitate quickly 
settles to the bottom of the containing vessel, leaving the solu- 
tion perfectly clear above. 

This precipitate was investigated by L. Pesci,' who considered 
it to be the dimeta ferric hydroxide, Fe,O,(OH),. In precipi- 
tating it he excluded air, and obtained a brown precipitate, 
soluble in water, from which solution it was again reprecipitated 
by strong nitric acid, but dissolved in excess of acid. In pre- 
cipitating it without excluding the air, the. precipitate was 
apparently as insoluble in water as that produced with ammo- 
nium or sodium hydroxide. 

Observing the above reactions, I thought it would be of inter- 
est to see what effect sodium nitrite had upon salts of other 
metals of the iron and chromium group, and have obtained the fol- 
lowing results: Of the common elements of the iron and 
chromium groups, iron, aluminum and chromium are com- 
pletely precipitated by sodium nitrite, if the solution is boiled 
for a short time, while cobalt nickel, zinc and manganese 
are unaffected, if a small amount of free acid is present in the 
solution of the salts. At first neutral solutions were used, in which 
case small amounts of cobalt, nickel, zinc and manganese were 
sometimes precipitated. But this never occurred when a few 
drops of hydrochloric acid were first added. In the cold, iron 
and some of the cobalt are precipitated (the cobalt being pre- 
cipitated as the double nitrite of cobalt and sodium), while 


1]. Chem. Soc., 1888, 1252 
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chromium and aluminium do not come down until heated nearly 
to the boiling-point. 

It was my next endeavor to ascertain whether the iron and 
chromium precipitate carried down with it any zinc, as is the 
case when precipitated with sodium hydroxide or ammonia. 
Qualitative experiments were here used instead of quantitative, 
as perhaps should have been done, but the results justify me in 
believing that at least no more than inappreciable quantities of 
zinc are carried down by the iron and chromium. 

Various proportions of iron and chromium were added in 
small amounts of zinc solution and precipitated, the zinc always 
showing plainly in the filtrate. Twenty parts of ferric and 
chromic chloride were mixed with one part of zine nitrate and 
the solution so diluted that it contained one part of zinc nitrate 
iron, to 50000f solution, and then precipitated with sodium nitrite ; 
gramis zinc was easily detected in the filtrate Equal amounts of 
chromium and zinc salts were mixed together, about two each, 
and precipitated with sodium nitrite; the precipitate was washed 
until the washings gave no test for zinc, then dissolved in hydro- 
chloric acid ; diluted and reprecipitated with barium carbonate, 
and filtered, the barium removed from the filtrate and the filtrate 
evaporated to forty cc., when a test was made for zinc with nega- 
tive results. Tests were also made with iron and manganese. 
Equal quantities of manganous sulphate and ferric chloride were 
added together, precipitated and washed, and the precipitate 
tested for manganese with the sodium carbonate bead with nega- 
tive results, showing that the separation is more complete than 
with barium carbonate. After these preliminary experiments, 
various mixtures of the salts of the iron and chromium groups 
were analyzed and the results were found as accurate, and in the 
case of iron and manganese, more accurate than with barium 
carbonate, and much more expeditious. 

In case iron is present it is better to precipitate the iron in the 
ferrous state, as it gives a precipitate that is less bulky and gelat- 
inous than the ferric iron, and therefore can be washed more 
quickly. 

In a later paper I hope to give favorable results with the use 
of alkali nitrites in qualitative separations in the presence of 
phosphates, etc., as well as in quantitative separations. 


LABORATORY OF THE POLYTECHNIC INSTITUTE OF BROOKLYN, MARCH 1, 1897. 
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TRAITE DE CHIMIE ORGANIQUE D’APRES LES THEORIES MODERNES. By 
A. BEHAL. Witha preface by M. CH. FRIEDEL. VOL. 1, ALIPHATIC 
CompouNpDs. xv+963 pp. Paris: Octave Doin. Price, 15 francs. 
The first portion of this book (190 pages), deals with the gen- 

eral theories and methods of organic chemistry ; the remainder 

(770 pages) is devoted to a systematic description of the com- 

pounds, The preface chiefly consists of a criticism of recent arti- 

cles by Ostwald on the atomic theory and energy. The system 
of nomenclature used is that adopted by the Geneva congress 
which, in a text-book, is a new and very admirable departure. 

The general properties and methods of preparation of each class 

of compounds are clearly and fully given, while each separate 

compound is treated briefly, only its more important points being 
mentioned. There is much to be said in favor of this plan, since 

a dictionary, such as ‘‘Beilstein,’’ can be consulted for more de- 

tails and for references to the original papers, while subjects like 

alcohol or acetic acid, can only be satisfactorily dealt with in a 

technological work. In the first part the section on stereochem- 

istry is particularly well written, the space formulz being de- 
duced separately from a consideration of isomerism and rotatory 
power. It is a pity that space has been occupied by sections on 
atoms and molecules, the treatment of which is of such an ele- 
mentary character that it should be absolutely useless to any stu- 
dent of organic chemistry, and if it is not, then practically all the 
remainder of the book will be. Parts of the sections on manip- 
ulation are scarcely on a par with the excellence of the work; 
as a whole no mention is made of the open tube for combus- 
tions, the bayonet tube and Liebig’s potash bulbs only are fig- 
ured ; the V. Meyer vapor-density apparatus shown is of the old 
form, as is also the nitrogen apparatus in the Dumas method. 

Raoult’s apparatus for cryoscopic molecular weight determina- 

tions is described in which the cooling is effected by the evapora- 

tion of carbon disulphide in a current of air, but no mention is 
made of Beckmann’s arrangement, which is simpler in construc- 
tion and gives results of sufficient accuracy for ordinary purposes. 

These omissions are somewhat surprising in view of the fact that 

an excellent illustrated account is given of the surface-tension 

method of determining molecular weights, showing that the 
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author is fully alive to recent work in some directions. The 

omission of an index from this volume will doubtless be rectified 

in the remaining one, which is shortly to appear. JB 

NOTES FOR CHEMICAL STUDENTS. By P. T. AUSTEN, Ph.D., F.C.S. Sec- 
ond Edition. vi+ 111 pp. New York: John Wiley & Sons. Price, 
$1.50. 

‘This is not intended to be a text-book of chemistry but toex- 
plain or supplement certain topics which experience has shown 
often give the student more or less trouble and which are not 
sufficiently considered in the text-books. No attempt has been 
made to include all the difficulties that may be encountered.’’ In 
judging of the book it must be considered in how far it fulfils the 
above objects as set forth in the preface. The elementary theory 
of chemistry is treated at some length ; the chapter on weight 
relations leading up to the law of combination in definite and 
multiple proportions is clearly written ; the law is illustrated by 
a number of good examples, and its enunciation is clearly and 
felicitously expressed. The tables in the section on stoichio- 
metrical calculations will also be found useful. Unfortunately, 
accuracy and clearness of expression have been too frequently 
sacrificed to brevity. Ina text-book intended for general use 
this would call for emphatic comment, but it may be assumed 
that the author’s students will see the experiments referred to, 
and will receive the required cautions and extended exposition 
of the subject ; to them, therefore, the book will probably prove 
serviceable. On page 37, in the foot-note, oxygen appears to be 
printed for nitrogen. Theterms specific gravity, volume-weight, 
and density, are used as synonyms; is it not better to limit the 
last to the weight of a gas in hydrogen units, and employ the 
first to indicate its weight in units of air ? J. Bat 


ERRATA. 


Page 293, (April number) twenty-eighth line, read ‘‘large’’ in- 


’ 


stead of ‘‘larger.’ 
age 295, thirty-fourth line, after ‘‘Series g ime 
Page 295, thirty-fourth 1 fter ““S B’’ read ‘‘Tim 
Constant : Masses Varied’’ instead of ‘‘ Time Varied: Masses 


Constant.”’ 
Page 301, thirty-first line, read ‘‘inclusive’’ instead of 


‘ 


‘ex- 


” 


clusive. 








